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PREFACE 


There are a number of books on this subject which have been 
written by many specialists, both on the continent and also in U.S.A. 
These books are more or less like reference books for the use of 
practising engincers in the profession as these books are based on 
standard specifications of design of respective countries. As 
text-books for young engineering students, they are, of course, 
very valuable, when the course calls for a study of few subjects and 
the syllabus demands study in the subject of specialisation, as in 
foreign universities. They are also prohibitively costly for our 
Indian students preparing for various examinations of the Universi- 
ties in India. For such students, this book is a boon. 


This book presents the basic principles involved in the design 
of reinforced concrete structures. It is written completely in SI 
units and based on latest revision of IS : 456-1978. The material 
presented in the book covers the syllabus of most of the Indian 
Universities.. The principles of design are explained with numerous 
examples and neat sketches in a manner of drawings for work at 
site. Supplementary details are included to provide the practical 
knowledge of design. The use of design aids is also emphasized. 
It also includes exercise problems at the end of each chapter and 
objective type questions with answers at the end of the book. 


Generally, now-a-days, the elastic theory of design is not 
followed in practice except for deflection and crack width calcula- 
tions, and where the design methods of limit state are not available 
e.g. liquid retaining structures. However, the elastic theory of 
design is a basic one and the beginners must learn it; because of 
this, in most of the Universities, elastic theory is taught first. It 
is believed by thc author that after understanding the basic princi- 
ples of analysis and design by an elastic theory, the student should 
learn the complicated elements like different types of footings, 
frames, retaining walls, etc., directly using the limit state method. 
'This book is written as a first course in reinforced concrete analysis 
and design. Therefore, simple concrete elements are considered 
with practical details. 


Suggestions to improve the usefulness of the book are most 


welcome. 
Baroda x H. J. Shah 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


ACKNOWLEDGEMENTS . . 


The author wishes to express his gratitudes to: 


Professor (Dr.) S.K. Damle for providing helpful suggestions 
andencouragement; Dr. P.V. Parikh, Professor and Head for 
his useful guidance; Professor (Dr.) V.S. Thatte for giving 
encouragement; Shri Mahendra Bhavsar, Reader, for taking 
keen interest in going through the manuscript for technical 
guidance; Shri M.C. Gandhi, lecturer, for checking the 
manuscript and other colleagues for their assistance to bring 
out this volume. 


The author gratefully acknowledges the Indian Standards Insti- 
tution, 9 Bahadur Shah Zafar Marg, New Delhi 110 002, for 
giving a permission to include extracts from Indian Standards. 


I am especially thankful to Shri R.C. Patel, Mr. Bhavin R. Patel 
and Mr. Pradeep R. Patel of Charotar Publishing House, 
Anand, for their extra-ordinary work for checking the figures 
and correcting the proofs. My sincere thanks are due to Rev. 
Br. S. Abril, Rev. Br. M. Eneriz and their good staff of Anand 
Press for the excellent job done to bring out this volume. 


Finally, I am greatly indebted to my wife Harsha for her constant 
encouragement and for typing the manuscript and checking 
the numerical work, and also to my daughter Nirali for 
keeping the patience while writing this book. 


Baroda Hiten J. Shah 
May 10, 1985 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


CONTENTS 


l INTRODUCTION 


Structural design-Role ofa structural engineer — Concrete 
— Properties of concrete — Strength test of concrete — 
Reinforcement — Structural ^ elements — Loads on 
structure — Methods of design — Adaption of SI units 
— Codes of practice. i 


2 DESIGN FOR FLEXURE 


Introductory — Size of the beam—Cover to the reinforce- 
ment — Spacing of bars — Design of a beam — Singly 
reinforced beams — Assumptions—Derivation of formulae 
for balanced design — Transformed area method — 
Types of problems— Use of design aids — Doubly 
reinforced beams — Introductory — Derivation of 
formulae for balanced design— Transformed area 
method — Use of design aids— Flanged beams — 
Introductory—Moment of resistance of a flanged beam— 
Types of problems — Slabs — Examples. 


3 SHEAR AND DEVELOPMENT LENGTH 


Shear—Shear in homogeneous beam-—Shear in reinforced 
concrete beams-Elastic theory — Diagonal tension and 
diagonal compression — Limit state theory — Permissible 
shear stresses — Shear reinforcement in beams — 
Practical considerations — Use of design aids — 
Development length — Introductory — Development 
length : Pull out test — Code provisions — Use of bundled 
bars — Anchoring reinforcements — Bearing stresses at 
bends — Reinforcement splicing — Examples. 


4 | DEFLECTION, CRACKING AND TORSION 


Deflection — Introductory — Span/effective depth ratio 
— Deflection calculations— Cracking—Introductory— Bar 
spacing controls—Torsion — General — Effect of torsional 
moment : Provision of reinforcement— Code provisions — 
General cases of torsion — Examples. 


1-15 


16-73 


74-116 


x 


117-146 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


VIII Gontents 
5 | | DESIGN OF BEAMS 


Simply supported beams — Introductory — Design 
procedure — Critical sections for moment and shear — 
Anchorage of bars: Check for development length — 
Reinforcement requirements—Slenderness limits for beams 
to ensure lateral stability— Curtailment of bars—Design 
of a lintel — Cantilever beams — Design considerations — 
Continuous beams—Introductory —Analysis parameters— 
Structural frames — Moment and shear coefficients for 
continuous beams — Critical sections for moments and 
shear — Redistribution of moment — Negative moment 
reinforcement — Further discussion of Tee beam — 
Examples 


6 SLABS 


Introductory — One-way spanning slabs — Simply 
supported one-way slab — Continuous one-way slab — 
Cantilever slab — Concentrated load on slabs — Two- 
way slabs—Simply supported two-way slabs— Restrained 
two-way slabs — Stair slabs — Classification of stairs — 
Design requirements for stair—Structurat details for some 
stairs — Examples. 


7 COLUMNS 


Introductory — Definitions and general requirements — 
Reinforcement requirements — Axially loaded columns 
— Short columns — Long columns — Eccentrically loaded 
columns — Uncracked “section — Cracked section — 
Uniaxial bending-cracked section — Biaxial bending- 
cracked section — Column bar splices — Examples. 


Š FOUNDATIONS 


Introductory — General design considerations — Plain 
concrete pedestal — Transfer of load at the base of column 
— Isolated footings — Axially loaded pad footing — 


Axially loaded sloped footing — : 
isolated footing — Examples, ng Becentrieglly loaded 


147-904 


205-263 


. 264-295 


296-334 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


Contents 


9 ` LIMIT STATE METHOD 


` Limit state method — Limit state of collapse — Limit 
state of serviceability — Characteristic and design valucs 
and partial safety factors—Limit state of collapse: Flexure 


IX 


— Singly reinforced rectangular beams — Derivation ` 


of formulae — Types of problems — Doubly reinforced 
beams — Derivation of formulae — Types of problems 
— Use of design aids — Flanged beams — Introductory— 
Position of neutral axis—Derivation of formulae—Shear 
— Introductory — Nominal shear stress — Design shear 
strength of concrete — Design of shear reinforcement — 
Bond and development length—Development of stress in 
reinforcement — Deflection and cracking — General — 
—Torsion—Code provisions——Axially loaded columns— 
Assumptions — Minimum eccentricity — Short axially 
loaded columns — Examples. . : : : : 


APPENDIX A — FORMWORK FOR R.C.C. 
MEMBERS : 


APPENDIX B— USEFUL TABLES 
APPENDIX C — OBJECTIVE QUESTIONS 
BIBLIOGRAPHY | 
INDEX 


335-403 


. 404—405 
. 406-412 
. 413-419 


420 


. 421-424 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


bef 


Oche 


NOTATIONS 
Standard Symbols from Clause 3.1, IS : 456 


arca 

breadth of beam, shorter dimension of a rectangular column 
effective width of slab 

effective width of flange 

breadth of web or rib 

effective depth of beam or slab 

depth of compression reinforcement from the highly compressed face 
modulus of elasticity of concrete 

modulus of elasticity of stcel 

earthquake load ; 

eccentricity 

characteristic compressive strength of concrete 

modulus of rupture of concrete (flexural tensile strength) 
design strength 

characteristic strength of steel . 

constant or coefficient or factor 

development length 

live load or imposed load 

length of a column or beam between adequate lateral restraints or the 
unsupported length of a column 

effective span of beam or slab or effective length of column 
effective length about x-x axis 

effective length about »-y axis 

breadth or shorter side of slab 

length or longer side of slab 

distance between points of zero moments in a beam 
bending moment 

modular ratio 

axial load on a compression member or a pull 

calculated maximum bearing pressure at the base of a pedestal 
radius 

spacing of stirrups 

torsional moment 

shear force 

total load 

wind load 

distributed load per unit arca 

depth of neutral axis (various subscripts) 

modulus of section 

lever arm 

angle or ratio (various subscripts) 

partial safety factor for load 

partial safety factor for materia] 


permissible stress in concrete in bending compression 
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Notations XI 


permissible stress in concrete in direct compression 
permissible stress in steel in compression 

permissible stress in steel in tension 

permissible tensile stress in shear reinforcement 

shear stress 

design bond stress 

shear stress in concrete 

maximum shear stress in concrete with shear reinforcement 
nominal shear stress 

diameter of bar 


Other symbols used are: 


fe 
Seb 
Sse 


area of concrete 

area of minimum reinforcement or longitudinal tension reinforcement 
which continues at least one effective depth beyond the scction 
area of compression reinforcement or area of longitudinal reinforce- 
ment for columns 

area of tension reinforcement 

total cross-sectional area of stirrup legs or bent-up bars within a distance- 
equal to spacing of stirrup or bent-up bar 

area of transformed section 

centre to centre distance between bars or group of bars perpendicular 
to the bend or width of contact area of concentrated load measured 
parallel to the supported edge 

distance of the concentrated load from the face of the cantilever support 
bottom straight bars 

bent-up bars 

actual width of an isolated flanged beam or width of slab or footing 
centre to centre distance between corner bars in the direction of width 
force in concrete in compression 

reduction coefficient 

force in steel in compression 

overall depth or depth in respect of the major axis in column 
thickness of slab in flanged beam 


dead load z 
centre to centre distance between corner bars in the direction of the depth 


long term modulus of elasticity of concrete 
extra bottom bars 
extra top bars 


characteristic load 

tensile force due to design loads in a bar or group of bars 
total flange compression in a flanged beam 

total tension of the steel in a flanged beam 
characteristic strength of material 

stress in concrete due to axial compression 

stress in concrete in compression due to bending 


stress in steel in compression 
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XII Notations ` 
Sst stress in steel. in tension 
G going of stairs 


lagg maximum size of aggregate 
moment of inertia (various subscripts) 


IS Indian Standard 

i radius of gyration (various subscripts) 

j lever arm constant 

Kt coefficient for moment of inertia of a flanged beam : 

k neutral axis constant 

kN kilo-newton 

kNm __ kilo-newton-mcetrc 

Lo anchorage of bars beyond the centre of the support 

l span of beam or slab 

Mbal moment of resistance of a balanced rectangular section 
M, moment of resistance of the section assuming all reinforcement at the 


section to be stressed to fd 

Mg, Meg equivalent bending moments 

Mic moment of flange arca of flanged beam about bottom of a flange 

Mts moment of transformed area of steel about bottom of a flange in 
a flanged beam 

m, mm metre, millimetre 

N newton 

p steel percentage, soil pressure (various subscripts) 

Q moment of resistance factor for a balanced rectangular section 

R reaction at support 

Sy „spacing of stirrups or bent-up bars along the length of the member 

T tension or total tensile force in steel 

T 


A top anchor bars 

Ve equivalent shear 

Vs strength of shear reinforcement 

w distributed load per unit length 

PA long dimension of stirrup 

, “y bending moment cocfficients for two-way slabs 

Ec strain in the concrete 

Esc strain in the steel in compression 

Est strain in the steel in tension 
-5 tensile stress 

o6; major principal stress 

Os minor principal stress 

Oct maximum tensile stress in concrete à; 
Gs Stress in bar at the section considered at design load . 
Toe cquivalent nominal shear stress 

0 angle ° 

qp diameter of a tor stecl bar 
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Introduction 


PPAR ARBAB PAPER APE PEPE PPP AFI IF FI ITI 


l-i. Structural design — Role of a structural 
engineer: A building or any structure in general can be 
built in a way one likes. However, when the question of 
building a systematically planned structure arises: | 


(a) It should satisfy thefunctional requirements of the 
client and should be aesthetic which needs an Architect. 


(b) It should be structurally safe so as to withstand 
the loads it has to bear which needs a Structural engineer. 


To achieve the best possible results, both have to work 
together. 


The general structural frame work with which a structural 
engineer is concerned, usually consists of load bearing masonry 
structure, reinforced cement concrete frame or a steel structure. 
Many other types of frame work are also used. The choice 
of the type of frame work depends on site conditions, 
architectural planning of the building, economy and safety 
requirements. Building regulations and client’s desire also 
play an important role in framing the building. In any. 
case the safety of the building is the ruling factor for the 
structural design. 


The working drawings of a building are prepared by 
the architect -with the. help of the structural engineer. 


The general working of the structural engineer is as 
follow: 3 

(1) Finalising the frame work and tentative sizes of . 
beams, columns, etc., considering the site conditions and 
structural requirements. 


(2) Estimating the loads on structure or a part of the 
structure using available loading standards and his experience. 
For normal structural work the loading standard is IS : 875. 
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(3) Analysing the structure for shear, moments; axial 
loads, deflection, etc. | 


(4) Designing the structural members using results 
from (3). : 

(5) Preparing the detailed structural drawings for 
the work at site. 


(6) Checking the work done by the contractor on site 
when the work is in progress. In the interest of smooth 
` and proper execution of work, it is essential for the contractor 
and client to get the work checked by the structural 
engineer frequently. 


The job of structural engineer is challenging and carries 
a great deal of responsibility.: Thorough knowledge of 
analysis and design of structure with current codes of practice, 
creative ability, confidence and practical experience are 
required to get a safe and economical design of the structure. 


The different types 6f analysis treated in this book are 
based on Code of Practice for plain and reinforced 
concrete IS : 456-1978 and other relevant codes wherever 
necessary. Use of design aids is also explained wherever 
necessary and should be read in conjunction with SP : 16- 
Design Aids to IS : 456-1978. 


1-2. Concrete: Concrete is a mixture of cement, 
fine aggregates (sand), coarse aggregates (kapchi) and water 
mixed in a definite proportion. The chemical reaction 
between cement and water causes hardening of the concrete. 
Because of the chemical action, cement crystallizes and 
releases the water which may evaporate. If this water is 
retained by some means or in other words if the water is 
continuously available, the chemical action can be continued 
as long as all the cement is hydrated. The process by which 
the loss of water from concrete is prevented is known as curing. 
To achieve this, concrete is kept moist and at about 10°C. 
temperature by sprinkling water on it or covering wet gunny 
bags on concrete. This also can be achieved by covering the 
concrete surface with polythene sheets or by applying a thin 
layer of liquid sealing compound. For further details one 
may refer to standard text books on properties of concrete. 
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‘Different strengths of concrete can be achieved by using 
different proportions of ingredients of concrete. The com- 
pressive strength of concrete is tested by testing standard 
cubes of size 150 mm x 150 mm x 150 mm. The crushing 
strength of this, cube tested after curing it for 28 days is 
known as cube strength. 


As per IS : 456 the concrete shall be in grades designated . 
as per table 1-1. The characteristic strength of material is 
defined as the strength of the material below which not more 
than 5 per cent of the test results are expected to fall. 


TABLE 1-1 
GRADES OF CONCRETE 


a U 1111111111 u 


Grade Specified characteristic 
designation strength of 28 days 
; N/mm? 
M10 10 
M15 15 
M20 20 
M25 25 
M30 . 30 š 
M35 35 
M40 40 


oy ee MARE Eat S MERECE, RUN DI A MM 

Note 1: In the designation of a concrete mix, letter M refers to the mix 

and number to the spccified characteristic compressive strength of 15 cm cube 
at 28 days expressed in N/mm*. 

Note 2: M5 and M7:5 grades of concrete may be used for lean concrete 
bases and simple foundations for masonry walls. These ` mixes need not be 
designed. 

Note 3: Grades of concrete lower than M15 shall not be used in reinforced 
concrete. 

The proportion of ingredients of concrete to obtain a 
desired mix can be found out by laboratory methods of 
mix design. However, for normal üses as a guide line, 
the following proportions of ingredients may be used: 
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Mix Proportion of ingredients 


cement : sand : kapchi 
M5 š 1 Sumo: 2 > lO 
M7:5 I 5-4 48 
M10 1 3 6 
M15 l 2 4 
M20 1 1} 3 
M25 l ] 2 


M5, M7-5 and M10 mixes are used for lean_concrete. 
M15 and M20 grade concretes are most popular concrete 
for structural work. Higher grades of concrete may be used 
in heavy design e.g. lower.columns in multistorey building. 
For prestressed concrete structures much higher grades of 
concrete are used. : 


1-3. Properties of concrete: Some important pro- 
perties of concrete are discussed below: 


(1) Unit weight: According to IS : 456, “Unless more 
accurate calculations are warranted, the unit weights of plain 
concrete and reinforced concrete with sand and gravel or 
crushed natural stone aggregate may be taken as 24000 N/m? 
and 25000 N/m? respectively”. 


(2) Increase in strength with age: In design, the concrete 
strength at 28 days is considered. The chemical action of 
cement with water is faster initially and in seven days concrete 
attains approximately two-third: strength of that of 28 days 
strength. This is true when ordinary portland cement is 
used. When portland pozzolana cement is used, the chemical 
action is slow and the rate of gaining strength upto 14 
days is slower. However, if properly-cured, at 28 days both 
the types of cement give required strength. Even after 28 days 
the hydration is continued and concrete gains the strength 


with age at a much slower rate. This property of concrete 
may be used in design. 


- According to : IS :456,° “Where it can be shown 
that a member will. not receive its full design load/stress 
within a period of 28 days after the Casting of the member 
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(for example, in foundations and lower columns in multistorey 
buildings), the characteristic compressive strength given in 
table 1-1 may be increased by multiplying by the factors given 


below: 


Minimum age of member 


when full design load/stress Age factor 
is expected (months) 
l 1-00 
3 1-10 
6 1:15 
12 1:20 


Note 1: No increase in respect of age at loading should 
be allowed where high alumina cement concrete is used. 


Note 2: Where members are subjected to lower direct 
load during construction, they should be checked for stresses 
resulting from combination of direct load and bending 
during construction. : 


_ Note 3: The permissible stresses or design strength shall 
be based on the increased value of compressive strength”. 


(3) Tensile strength of concrete: In reinforced concrete 
construction it is usually considered that concrete ‘resists 
compression and steel reinforcement resists tension. However, 
concrete has to resist tension due to many reasons such as 
temperature changes, shrinkage of concrete, etc. 


When the designer wishes to use an estimate of tensile 
strength from the compressive strength, according to IS : 456, 
the following formula may be used: 


flexural strength fer = 0:7 V fa N/mm? 
where f; is the characteristic compressive strength of concrete. 


(4) Elastic deformation: The modulus of elasticity of 
concrete is primarily influenced by the elastic properties of 
the aggregate and to a lesser extent by the conditions of curing 
and age of the concrete, the mix proportions and type of cement. 
The modulus of elasticity is normally related to the compressive 
strength of concrete. ; 
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A concrete cube is subjected to uniaxial compression 
and the stresses and corresponding strains (using dial gauges 
or electrical strain gauges) are found out for uniformly increas- 
ing loads. A graph of stress v/s strain is drawn, which is a 
parabolic curve. The value of modulus of elasticity found 
from initial tangent at the origin is known as the short 
term static modulus of elasticity. Modulus of elasticity may 
be ‘measured in tension also . Usually modulus of elasticity 
in compression and tension are equal. A typical stress-strain 
curve for concrete is shown in fig. 1-1. 


Stress 


E.=570Q Jik 


——— 9 


Strain ` ` 
Typical stress-strain curve for concrete 
Fro. 1-1 


In the absence of test data, the modulus of elasticity 
for structural concrete may be assumed as follows: 

E, = 5700 V fy | 
where E; is the short term static modulus of elasticity in N [mm? 
and fj is the characteristic cube strength of concrete in 
N/mm, 

(5) Shrinkage : The shortening in length of à member 
or contraction of the concrete due to drying when concrete 
sets, is known as shrinkage. On drying the cement crystallizes 


and gives out the free water and shrinks. This is irreversible 
process. 


The total shrinkage of concrete depends upon the consti- 
tuents of concrete, size of the member and environmental 
conditions. For a given environment, the total shrinkage 
of concrete 1s most influenced by the total amount of Seis 
present in the concrete at the time of mixing and to a ] 
extent, by the cement content. oe 
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^5 In the absence of test data, the approximate value of 
the total shrinkage strain for design may be taken as 0-0003. 


(6) Creep: Under the sustained stress, the plastic flow 
occurs in concrete. This strain is known as creep. Creep 
takes place only under stress. 


Creep of concrete depends on constituents of concrete, 
size of member, environmental conditions, the stress in concrete, 


the age at loading and the duration of loading. As long as 


the stress in concrete does not exceed one-third of its 
characteristic compressive strength, creep may be assumed 
to be proportional to the stress. 


In the absence of experimental data and detailed informa- 
tion on the effect of the variables, the ultimate creep strain 
may be estimated from the following values of creep coefficient 
where 
ultimate creep strain 


creep coefficient = ———FP"aU 
P elastic strain at the age of loading 


Age at loading Creep coefficient 
7 days 2-2 
28 days 1-6 
1 year 1:1 


Note: The ultimate creep strain, estimated as described 
above does not include the elastic strain. ` 

The long term modulus of elasticity for concrete including 
creep value is given by: 

J 
E, = —— where 
"149 
E, = long term modulus of elasticity of concrete 
E, — short term static modulus of elasticity of concrete 


0 = creep coefficient. 


1-4. Strength test of concrete: To assure for the 
quality of concrete, it has to be tésted in laboratory. Samples 
from fresh concrete shall be taken as per IS : 1199-1959 
(Methods of sampling and analysis of concrete), and cubes 
shall be made, cured and tested at 28 days in accordance 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


8 | Reinforced Concrete [ Ch. I 
with IS:516-1959 (Methods of tests for strength of concret). ` 
For relatively small and unimportant buildings and works 
in which quantity of concrete is less than 15 mš, the strength 


tests may be waived by the engineer-in-charge at his discretion. 


In order to get a relatively quicker idea of the quality 
of concrete, optional tests on beam for modulus of rupture 
at 72 + 2 hours or at 7 days, or compressive strength tests 
at 7 days may be carried out in addition to 28 days compre- 
ssive strength tests. For this purpose, the values given in 
table 1-2 may be taken for general guidance in the case 
of concrete made with ordinary portland cement. In all 
cases, the 28 days compressive strength shall alone be the 
criterion ‘for acceptance or rejection of the concrete. 


TABLE 1-2 
OPTIONAL TEST REQUIREMENTS OF CONCRETE 


Grade of Compressive Modulus of rupture by beam test, min 
concrete strength of 15 cm 
cubes, min, 
at 7 days at 72+2h at 7 days 
N/mm? N/mm? N/mm? 
M10 7:0 1-2 1:7 
M15 10-0 1:5 2-1 
M20 13:5 1:7 2-4 
M25 17-0 1-9 2:7 
M30 20-0 2-] 3-0 
M35 23:5 2:3 3-2 
M40 27-0 . 25 3-4 


1-5. Reinforcement: In reinforced concrete, concrete 
being weak in tension, steel bars are used to carry the tension. 
However the steel bars are used to Carry compression also 
in beams and columns. The steel bars reinforce the concrete 
and is known as reinforcement. Different types of reinforcement 
used are: mild steel, medium tensile steel, hot rolled deformed 
bars, cold-twisted high yield steel and hard drawn steel 
wire fabric. The bars may be plain or twisted. In all cases 
the modulus of elasticity of steel shall be taken as 200 kN/mm? 


The combination of concrete and stee] is ideal because 
when concrete sets, it contracts and thus, it grips the reinfor- 
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17%, 


.* cement. Because of this adhesion, steel and concrete can 
work-together as a single material. 


In practice, three types of steel reinforcement are 

normally used. They are mild steel reinforcement of grade 

` Fe 250, tor steel reinforcement of grade Fe 415 and tor steel 

reinforcement of grade Fe 500, where Fe denotes ferrous 

materials and number denotes the yield strength of steel in 
N/mm?. 


1-6. Structural elements: Primary clements of a 
concrete structure are slabs, beams, columns and foundations. 
Slabs and beams carry the loads from floor and are primarily 
flexural members. The column carries an axial load and is 
primarily a compression member. The loads from floors 

` are carried by slabs and beams and transmitted to columns. 
The column load is transmitted to ground through foundations. 
Fig. 1-2 illustrates the structural elements of a concrete 
structure. 


1-7. Loads on structure: The correct estimation 
of loads on a structure or a part of the structure leads to an 
economical and safe design. It is very important that no 
load which is to be borne by the structure is overlooked. 
The procedure of correct estimation of loads consists of: 


(1) Estimation of different types of loads expected to 
be borne by the structure throughout its life. Different 
kinds of loads may be estimated using respective Indian 
Standard codes of practice. 


(2y Determination of the worst combination of loads that 
may occur at one time throughout the life of a structure. 
The standard codes of practice give guide lines for this. All 
the loads are not expected at the same time. For example, 
earthquake loads and wind loads are never expected at 
the same time. 


In general the loads on structure are classified as 
vertical or gravity loads, horizontal loads and longitudinal 
loads. 'The vertical loads are further classified as dead 
loads, live loads and impact loads. The horizontal loads 
are classified as wind loads and earthquake loads. The 
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longitudinal loads are considered in some special cases. Fhe” E 
following is a brief discussion on various types of loads: 


B B B : 
Bor 
P eec] D: | 
el 
i] le ds 4 

^ c 2 m b ms NE. 
| Thee ld Mie a e | 
= eer bus. 
| == ses; 4 
loo RE See bu 
[ue 2124 [SRE s ake 
NES E ee ee 
E 1 Tal 
i= cibo = =a a ee) 1. 
C = Colum B = Beam $= Slab F= Foundation 
(a) Plan 
Terrace B 


(b) Section AA 
Structural plan and section of a building 
showing elements of a concrete structure 
Fic. 1-2 


Dead loads are loads due to the self weight of the structure 
- or structural members. The dead loads are static loads and 
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s Yemain reasonably constant throughout the life of the structure. 
' These. are also due to partition walls, flooring, roofs, false 
ceiling, fixtures, etc. The magnitude of dead loads can be 
calculated if the unit weights of different materials are known. 


At the beginning of the design, the sizes of members are 
not known, therefore an estimation of size has to be made 
and dead weights are calculated. After solving some problems, 
a designer will be able to estimate the correct size of the 
member. if necessary, after completing the trial, a design 
shall be repeated. 


Other dead loads like partition walls, flooring etc. can 
be correctly estimated as the size and unit weights are known. 
The unit weights of different materials may be taken from 
IS: 1911-1967 (Schedule of unit weights of building materials). 


Live loads are the loads which are not steady. Unlike 
the dead loads, they change their magnitudes. This includes 
moving loads like persons, car etc. and also movable loads 
like furniture. Usually the live loads are assumed to be the 
uniformly distributed loads specified by the standard codes 
of practice. 


Impact loads are the loads caused by the vibration of live 
loads. There is a difference between a person simply walking 
and a soldier marching. The person produces a live load 
while the soldier produces impact loads. When live loads 
cause impact, it is usual to increase the live load by some 
percentage depending on the type of the impact. 


For further information of live loads and impact loads, 
the reference may be made to IS : 875-1964 (Code of 
practice for structural safety of buildings: loading standards). 
The live loads on floors and roofs are given in table I and 
table II of IS : 875 and are given in Appendix B. 


Wind loads are the lateral loads.and depend on the 
velocity of the wind. In different parts of our country, the 
velocity of wind that can be estimated is different at different 
. places. For one particular place also, the wind velocity 
is different at different heights from the ground. Considering 
all these possibilities, the country is divided in some zones. The 
wind pressure is converted into equivalent horizontal uniformly 
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distributed loads. For further information a reference shall. 
be made to IS : 875-1964. 1 


Earthquake loads are also the horizontal loads caused by 
earthquake. The country is divided into some zones according 
to the intensity of the earthquake. The earthquake forces ` 
on the structure shall be calculated in accordance with 
IS :1893-1975 (Criteria for earthquake resistant design of 
structures). 


Longitudinal loads are caused by sudden stopping of 
moving loads. A moving crane, a moving truck etc. when 
stopped causes longitudinal loads. For further details, 
reference shall be made to IS : 875-1964. 


The combination of loads shall be as given in IS : 875- 
1964, 


1-8. Methods of design: IS :456 permits three. 
methods of design. They are limit state method, working stress 
method and methods based on experimental investigations. 


When a design is made by the methods based on experi- 
mental investigations on models or full size structure or 
element, load tests shall be carried out as per clause 18 of 
IS :456. For further details the code shall be consulted. 


In the following paragraphs, working stress method 
(or elastic theory) and limit state method are briefly discussed. 


Working stress method being the basic method, is discussed 
first. 


(a) Working stress method: Itis assumed in this method 
that concrete and steel are elastic. At the worst combination of 
working loads, the stresses in materials are not exceeded than 
permissible values. The permissible stresses are found out 
by using a suitable factor of safety to the material strength 
e.g. for concrete in compression due to bending, a factor of 
safety equal to 3 is considered on 28 days cube strength and 
a factor of safety equal to 1-8 is considered on the yield strength 
for mild steel reinforcement in tension due to bending. The 
permissible Stresses for different grades of concrete and steel 
are given in tables 15 and 16 of IS : 456 and are reproduced 


in tables 1-3 and 1-4. The modular ratio of steel and concrete 
is defined as follows: , ` 
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LES 


“sy = — modulus of elasticity of steel 
* . modulus of elasticity of concrete 
obtained by the formula 


and this can be 


Lira where cj, is permissible compressive stress 
cbc 


due to bending in concrete in N/mm? as specified in table 1-3. 


The expression given for m partially takes into account 
the long term effects such as creep. "Therefore this m is not 
the same as the modular ratio derived based on the value of 


E, = 5700 Vf. 


The working stress method is treated in chapters 2 to 8. 


TABLE 1-3 
PERMISSIBLE STRESSES IN CONCRETE 


Grade of All values in N/mm* Permissible stress 
concrete Permissible stress in in bond (average) 
compression for plain bars in 
Bending Direct tension 
(1) (2) (3) (4) 
Ocbc Scc Thd 
M10 3-0 2-5 — 
M15 5-0 +0 0:6 
M20 7:0 5:0 0-8 
M25 8:5 6-0 0:9 
M30 ` 10:0 8-0 1-0 
M35 11:5 9-0 1:1 
M40 13-0 10-0 1:2 


Note 1: The values of permissible shear stresses in concrete are given 
in table 3-1. í ; 

Note 2: The bond stress given in column 4 shall be increased by 25 per cent 
for bars in compression. 


(b) Limit state method: “The acceptable limit for the 
safety and serviceability requirements before failure occurs 
is known as limit state”. In this method of design, the 
structure is designed to withstand safely all loads liable to act 
on it throughout its life. The structure also has to be checked 
for the serviceability requirements such as limitations on 
deflection and cracking. 
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_ a, IS : 456 states “The aim of design is to achieve accep- 
° tablé. probabilities that the structure will not become unfit 
for the use for which it is intended, that it will not reach a 
limit state”. 

The idea is to base the design on probability theory and 
to use the statistical methods in analysis and design. Thus, 
the design is based on characteristic values for material 
` strengths and applied loads, which take into account the 
variations in the material strengths and in the loads to be 
supported. 


The limit state method of design is treated in chapter 9. 


1-9. Adaption of SI units: New editions of Indian 
Standards have adopted SI units. It is an abbreviation of 
the French 'Systéme International d'Unités. IS : 456-1978 
which is used throughout in this book has adopted SI units. 
This book is written completely in SI units. Students are 
expected to be conversant with these units. 


1-10. Codes of practice: All designs in this book 
are in accordance with IS :456-1978.^ Other codes 
required for the study of this book are IS : 1911-1967:7 
(Schedule of unit weights of building materials), IS : 875-1964" 
(Code of practice for structural safety of buildings: Loading 
Standards) and SP-16 (Design aids to IS : 456-1978)7 While 
reading this book, it is extremely essential to obtain a copy 
of above IS publications and the book shall be read in 
conjunction with these publications. 
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2-1. Introductory: Before starting the design of an 
element for flexure, a study of practical requirements is 
necessary. Important practical aspects are: Size of the 
beam, cover to thé reinforcement and spacing of bars. 
These are discussed below. 


2-2. Size of the beam: In most cases the size of a 
beam depends on architectural requirements e.g. width of 
the beam may be governed by the thickness of a wall running 
parallel to the beam so that a beam can flush with the 
wall. Depth of the beam may be governed by the clear 
height required under the beam. 


Where the depth is decided by design loads and moments, 
it is necessary to see that it is not varied from beam to beam 
e.g. in one big hall containing ten beams, if ten different- 
sizes of beam are chosen, the formwork will be very costly 
and will not look aesthetic. A designer having sufficient 
knowledge and practice will be able to select width and 


depth of beam fulfilling all architectural and structural 
requirements. 


2-3. Cover to the reinforcement: A concrete cover 


shall have to be provided to the .reinforcement for the 
following reasons: 


(1) to protect the reinforcement from weather and 
fire, and f 


(2) to ensure the grip of concrete over reinforcement 
so that they act as one and resist the loads. 


The thickness of cover shall be different for different 
elements. According to IS :456 clause 25:4, the reinforce- 
ment shall have concrete cover and the thickness of such 


cover (exclusive of plaster or other decorative finish) shall 
be as follows: 
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(1) At each end of reinforcing bar not less than 25 mm, 


.;"Hor-less than twice the diameter of such bar. 


(2) For longitudinal reinforcing bar in a beam not less 
than 25 mm, nor less than the diameter of such bar (fig. 2-3). 


The concrete cover to the reinforcement can be provided 
using supports|/spacers at the bottom and sides of the reinforce- 
ment throughout. This will keep a space equal to the 
thickness of spacer between the concrete and formwork. 
When concrete is placed, the reinforcement will get the 
concrete cover. 


In cheaper constructions, the pieces of tiles are used as 
spacers in beams and slabs. In slabs, sometimes coarse 
ageregates (kapchi) are also used as spacers. This is not 
the correct way of providing adequate cover throughout. 


Wire 


i 


Thickness 


f 


Reinforcement support/spacer 
Fic. 2-1 ; 


In good constructions, the spacer is prepared from 
cement - sand mortar. A typical spacer is shown in fig. 2-1. 


A cement - sand mortar of the proportion 1: 2 is prepared 
using sufficient quantity of water for mixing. It is then laid 
on a steel plate which is previously oiled. Thickness of this 
layer is as per requirement e.g. if it is used for slab, 15 mm 
thick layer is used or if it is used for beam, 25 mm thick layer 
is prepared. With a sharp knife, then, the mortar is cut in 
squares of approximate size 50 mm x 50 mm. At the centre 
of the square, a twisted binding wire is inserted. This is 
allowed to set. Next day all the pieces are taken and immersed 
in water. After a curing of 28 days, it gets sufficient strength 
and can be used as a spacer. 
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Where the use of spacer is required, the wire of it is tied 


with reinforcement of beam, column or slab as the case may... 


be, at a spacing of 600 to 750 mm c/c. This will ensure the 
required space between formwork and reinforcement and 
will give adequate concrete cover: when concreting is done. 
A typical arrangement of spacers for the beam is shown in 
fig. 2-2. Now-a-days ready-made spacers manufactured 
from plastic are available in the market. 


Reinforcement cage 


Ea 
| | 
| | 


| 
R= = Q- Spacers 


Spacers 


Formwork 
k— 600 to 750 mm—> 


(a) Reinforcement cage with spacers (b) Section A-A’ 
Fic. 2-2 | 


In the interest of standard work, it is advisable to adopt 
the above mentioned methods rather than using tiles or 
kapchi as spacer. : nts 


2-4. Spacing of bars: The bars shall be placed in 
such a way that it allows the concrete to enter when poured 
or a vibrator can be immersed. The minimum spacing 
of bars is described in clause 25.3.1 of IS: 456. The 
requirements are: CN ! 


(1) The horizontal distance between two parallel 
main reinforcing bars shall usually be not less than the greatest 
of the following: NE ones 

_ — the diameter of the bar if the diameters are equal, 

— the diameter of the larger bar if the diameters are 
unequal, and | | 


— 5 mm more than the nominal maximum size of coarse’ 
aggregate. EE: 
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' Note: This does not preclude the use of larger size of aggre- 

„gates. beyond the congested reinforcement in the same member; the 

* size of aggregates may be reduced around congested reinforcement to 
comply with this. provision. 


(2) Greater horizontal distance than the minimum 
specified in (1) above should be provided wherever possible. 
However when needle vibrators are used the horizontal 
distance between bars of a group may be reduced to two- 
thirds the nominal maximum size of the coarse aggregate, 
provided that sufficient space is left between groups of bars 
to enable the vibrator to be immersed. 


(3) Where there are two or more rows of bars, the bars 
shall be vertically in line and minimum vertical distance 
between the bars shall be 15 mm, two-thirds the nominal : 
maximum size of aggregate (hg) or the maximum size of 
the bar, whichever is the greatest. 


The above requirements are shown in fig. 2-3. 


Concrete cover 


not less than 
AIT TN Not less than 
— > of bar — [5mm 
— d of bar 
ri, K— x 
L Not. less than © = 2/3 hug 
— haga + 5mm 
— of bar 
(a) (b) 
Concrete cover and spacing of bars 
Fic. 2-3 


2-5. Design of a beam: A beam is primarily a- 
flexural member and therefore in most cases the design for 
flexure will govern the overall design of beam. A beam 
has to resist shear stresses and for the life time service, the 
beam has to be checked for deflection and cracking. These 
are all separate topics of design and considered separately 
in the chapters to follow. In this chapter the design of a 
beam for flexure is considered. 
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Three kinds of béams are considered. They are (i) singly 
reinforced beams, (ii) doubly reinforced beams and (iii) flanged * 
beams. ` ; 


SINGLY REINFORCED BEAMS 


2-6. Assumptions: In singly reinforced beams, 
concrete resists compression and steel resists tension. The 
following assumptions are made for a section resisting moment 
in elastic theory. ‘ 


(1) At any cross-section, plane sections before bending 
remain plane after bending. 


(2) All tensile stresses are taken up by reinforcement 
and none by concrete, except as otherwise permitted. 


(3) The stress-strain relationship of steel and concrete, 
under working loads, is a straight line. 


(4) There exists a perfect bond between steel and 
concrete. i 


(5) The modular ratio m has the value 


where o5, 
rx Oche 

IS permissible compressive stress due to bending in concrete 
in N/mm?. 


Considering the above assumptions, the following three 
types of design arc possible: 


(1) Balanced design: In this type of design the section ` 
is so proportioned that. the steel and concrete both reach 
their maximum permissible value of stresses at the same time. 


Thus, at some value of loads, both the materials will fail at 
the same time. 


(2) Under-reinforced design: . In this type of design the 
steel provided is less than what it is required for the balanced 
design. . Therefore at some loads, the steel reaches its maxi- 
mum permissible value of stress and fails, while concrete 
stress is less than its permissible value. 


(3) Over-reinforced design: In this type of design, 
the steel provided is more than what it is required for a 
balanced design. "Therefore, at some loads, the concrete 
reaches its maximum permissible value of stress and fails, 
while stress in steel is less than its permissible value. 
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A beam if under-reinforced, gives notice before the . 


.. failure as the steel yields and concrete in tension zone shows 


cracks. If it is over-reinforced, concrete fails first which 
does not yield. Thus, over-reinforced structure may collapse 


`. without giving a notice when over-loaded. Therefore, 


normally balanced or under-reinforced design is preferred. 


In singly reinforced beams, concrete resists compression 
while steel resists tension. In doubly reinforced beams, 
steel bars are provided to give additional strength in compres- 
sion. The theory will be derived for balanced section. 


2-7. Derivation of formulae for balanced design: 
Consider a singly reinforced beam as shown in fig. 2-4(a). 
The strain diagram is shown in fig. 2-4(b) and the stress 
diagram is shown in fig. 2-4(c). Define: 


gj, = permissible stress in concrete in bending com- 
pression 


c, = permissible stress in steel in tension 
E, — modulus of elasticity of concrete 


E, — modulus of elasticity of steel 


E Ocbc 
E€; = strain in concrete — E. 


. . Gsi Ost 
£g = strain 1n steel — St 


E, mE: 
where m is the modular ratio 


b — width of beam : 
d = effective depth which is defined as the distance 


from extreme compression fibre to the centre of 
tensile reinforcements 


x = depth of neutral axis which is defined as the 
distance of neutral axis fronr extreme compression 


fibre 


z = lever arm which is defined as the distance 
between centroid of compressive force to the 
centroid of tensile force. 
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* To find neutral axis 
From the strain diagram HE RC 
x occ] Ec MOchc 


solving for x gives 


716 
O x= | ebe ] d 
MOche + Ost 


] ; 
= UL it RRR ORR a rr a (2-1a) 
more 
where the constant 
] : 
qo p ————— ÁÁ (2-15) 


Ost ` 
Lj Es ERIT Eire 


(a) Section (b) Strain diagram . (c) Stress diagram 
Singly reinforced balanced section 
Fic. 2-4 


* To find lever arm 
From the stress diagram 


NU A kd 
g Ea 
k 
EE 
cab eo c TE (2-2) 
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where the constant | 
Cw jeü-geeeeeeeHe (2-25) 


and is known as lever arm constant. 


` * To find total forces 


Define C — total compression and 


T = total tension 

bx Oche 
cct. . 
and T = oy dgeoU £i mei Ee EIS armen MIT (2-35) 


*To find moment of resistance of section 


Capacity. of a section to resist the moment is known as 
its moment of resistance. This is equal to 


total compressive force x lever arm 
OR | 
total tensile force x lever arm, whichever is smaller. 


For a balanced section both will have the same value. 
Considering the compressive forces, 


M.R. — total compression X lever arm 
l : 
= G oche . b.x) X (Jd). 


E 5 sach kd. jd 


1 š 
= (5 oa Kj) bd* 


M = Q. bitis ees oie nin sina rint net nen (2-4a) 
where the constant 

, l : 

Q = 9 Ocbc kj ` en uie ais. N Yar kaya ote cal, sts ol akay dl duae (2-5) 
and is known as moment. of resistance factor for balanced rectangula 
section. | ai s 


Considering the tensile forces 
M.R. = total tension X lever arm 


M = (Aa. Ga) X (D) ECT (2-44) 
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x To find steel area 
For a balanced section 
“MLR. = og Ag jd 


_ M.R. 
Por Os x jd 
_ 100 4, 
define p, = M 
where f, is percentage steel. 
MGR. ] 
ET mE MUN 
£i 2 ^ Ost jd 2: bd 


For a balanced section 

100 X 4 ok X k x j x bd 
os X jd X bd 

Es 50 Oche X k 

eric 


Bisbal = 


50 k 
S Savana 5 (2-6) 


Ost 
*To design balanced section 


For a given design moment, if width 5 of the beam is 
assumed | 


— 


d= M 
, Qb 
and steel area 
M 
A, = 
H Ost- 7 .d 


Example 2-1. 


Calculate the design constants for following materials considering 
the balanced design Jor singly reinforced section. The materials are 
grade M15 concrete and mild steel reinforcements. 


Solution: 
For M15 mix odbe = 5 N/mm? 
.. for mild steel s, = 140 N/mm? 
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280 280 
Then, neutral axis constant £ = Bor — — 
G 
Í zs E o MR 
uc IST 
—04 c 
1 : k 0-4 
ever arm constant j = | Sas | BRE 0-866 say 0-87. 


M.R. constant Q = š X Ge X Ë X j 

= $x5x0-4 x 0-866 = 0-866 say 0-87 
50 ouk 50 x 5 x 0-4 
UU 140 


Design constants for some other materials are given 
in table 2-1. 


= 0-71. 


Bisbal = 


TABLE 2-1 
DESIGN CONSTANTS FOR BALANCED SECTION 
—————M——— ur MM MM 


Concrete Steel 


grade grade oche ost k j Q btsbal 

M15 Fe250 5 140 0-4 0:87 0:87 0:71 
Fe415 5 230 ` 0:29 0:90 0:65 0-31 

M20 Fe250 7 140 0-4 0-87 1-21 1-00 
Fe415 7 230 0:29 0-90 0-91 0:44 


a 


Note: These are the most common materials used in practice. 


Example 2-2. 


A simply supported rectangular beam of 4 m span carries a 
uniformly distributed load of 20 kN|m. The width of the beam is 
230 mm. Find the depth and steel area for balanced design. Use 
M15 grade concrete and mild steel reinforcements. ' 


Solution : 
43 
M — 20x gy = 40 kNm. 
For balanced section Q = 0:87 
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: M 
effective depth required d= Ob 


Ma, 
PP 


40x10 — 447 mm 
0-87 x 230 : 


M 
Ost jd 
40 x 105 
— 140 x 0:87 x 447 


Provide 4 no. 16 mm diameter bars giving area of 804 
- mm?. 
Overall depth of beam = 447 + 8 + 25 (cover) 
— 480 mm. 


The designed section is shown in fig. 2-5. If overall 
depth is not a whole number, round it upon higher side. 


and steel area Ay = 


= 735 mm?. 


‘Fie. 2-5 


For convenience in design, areas of group of bars are 
given in table 2-2. 


i TABLE 2-2 | 
AREA OF GROUP OF BARS (mmš) 
Diameter ` Number of bars in group 
(mm) ipa 3 AS ue yir nO Ree pn 

6 Di us (784. 0018 . 34]. U 180; 1995. 25963 
8 50 100 150 201 251 301 351 402 
10 78 157 235 314. 392 471 549 628 
12 113 226 339 452 565 678 791 904 
16 201 402 603 804 1005 1206 1407 1608 
20 - 314 628 942 . 1256 1570 1884 . 2198 2512 
25 41 . 981 1472 19637 2453 2044 3435 3926 
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2-8. Transformed area method: A beam section 
as shown in fig. 2-6(a) is subjected to a moment M. Find 
` out the maximum stresses in concrete and steel. Fig. 2-6(»), 
(e) and (d) represents the strain diagram, the stress diagram 
and the transformed section. “A transformed section is a 
section in which the steel area is replaced by the equivalent 
concrete area". 


At centroid of steel reinforcement, the surrounding 
concrete being elastic and having perfect bond with steel, 


strain in steel — strain in concrete. 


Let fs, and f, be the stresses in steel and concrete 
respectively. 


Force in steel = As Sst 
= A;:.m.fa,. 


If this steel is to be replaced by an equivalent concrete 
area (transformed area), the equivalent concrete will carry 
the same force. 


Thus, i 

force in equivalent concrete 
= transformed area X f 
= Ay.m-fes 


Transformed area = m.A,. 


mA, | 


(a) Section (b) Strain (c) Stress (d) Transformed ` 


diagram diagram section 
Transformed area method — Singly reinforced beam 
Fic. 2-6 i 
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*To find neutral axis 


Taking moments of transformed areas about N.A. 
bx. = mA, (d — x) 


solution of this equation gives value of x. 


* Method 1: 

lever arm — d -5 

M 
stress in steel = C ERIT T fa 
Ası (d => 5) 
Stress in concrete: 
E x 

from strain diagram m EU DE 


EJE, d—x (m d—x 
* Method 2 (classic flexure formula): 
Find out moment of inertia of beam. 


3 
I = E 4 mda (d — a)? 


The stresses in the concrete and steel are given by, 


Stress in concrete f; = M.x 
I. 
Stress in steel fa = m. LZ x) 
| " 


Example 2-3. 


The dimensions of a rectangular beam section and the reinforcing 
steel provided are shown in fig. 2-8. “The section is subjected to a 
moment of 30 kNm. Determine the maximum stresses in steel and 


concrete. The materials are M15 grade concrete and mild steel 
reinforcement. 


Solution: 
For M15 Mix and Mild steel 
m = 18:66 
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transformed area of steel = 18:66 x 603 
= 11252 mm*?. 
k 200 > 
f SSS T 
x 17$ 
A Ad SS iis 
460 | 
282 
AR $ < mA; = 
S92 mt 1252 mm? 
(a) Section (b) Transformed section 


Fic. 2-7 
To find neutral axis, taking moments about N.A. 
200 x. 5 — 11252 (460 — x) 
100 x? + 11252 x — 5175920 = 0 
-x2 + 112-52x — 51759 = 0 
which gives x = 178 mm. 


Method 1: ` . 
178 


Lever arm. = 460 — =o = 400-66 mm . 
30 x 108 - 
em pb s ; 2 
Steel stress 603 x 400-66 124-17 N/mm 
Concrete stress — Js x 
m d—x 
vom MESI T 178 
1866 ` 282 
= 4.2 N/mm’. 
Method 2: 
de = ; x 200 x 1783 + 11252 x 2823 = 1-27 x 10? mmt. 
30 x 10* x 178 ; 
Concrete stress fj = 197 x lo ^ 4-2 N/mm 
| 30 x 109 x 282 
Steel stress Ja = —197x 108 x 18-66 


— 124-3 N/mm!?. 
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2-9. Types of problems: In singly reinforced beams 
the following types of problems occur: 


Type 1: To find out the depth of neutral axis for a 
given section and specifying the type of beam. 3d 


(a) If the section and actual stresses in the materials 
are given, find out depth of neutral axis using equation (2-1) 
for actual stresses. 


x = kd 


where k= ae 


Sst 
] 
ar 5 
(b) If the section and steel area provided are given, 


find out neutral axis by taking moment of transforméd area 
about neutral axis. 


T =m. Ås (d — x) 

(c) Find out the depth of neutral axis for balanced 
section, also known as depth of critical neutral axis using equation 
(2-1) for permissible stresses of steel and concrete. 


x = kd 
where — 
fess 
MNO che ` 
(d) If Xactuul <Xcritical, the concrete is not.fully stressed 
and the beam is under-reinforced: | 


(ë), ET, > Xzritical; the steel is not fully stressed 
and the beam is over-reinforced. : 


Type 2: To find the moment of resistance for a given 
section. 


(a) Find the position of actual neutral axis and critical 


neutral axis as explained in type 1. > 


(b) If xatual < Xcritical, the section is under-reinforced 
and moment of resistance is given by, 


MR. eS Ao, (d — 3). 
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(c) If Xactual > Xcritical, the section is over-reinforced 
and moment of resistance is given by, 


M.R. = b.x. D (4— 2) 


Type 3: For the given moment and section of beam, 
to check the stresses. 


This is explained in art 2-8. 
Type 4: “To design the section for a given moment. 


(a) If the sectional dimensions are not given, fix the 
width and find depth required from the equation: 


1 yX 
Q b 
and steel area is given by 
» M 
Ast = Z5 "onc. 


(b) If the size of beam is given, find out the moment of 
resistance of critical section for the beam by the equation, 


M.R. = Q bæ. 
Here two cases are possible. 
(1) M <M.R. In this case the section is designed as 
under-reinforced. e 
x 
M.R. = oy Ay (d — 3) OMe Gua saa su dere tuy yk seme (1) 


Taking moments about neutral axis, 
TL = más (d — x) 
| mox F5 | š 
a orient MSIE aaa 2 
As 2m (d — x) š : T RD e) 
Bubs tating in (1) 


Ost. bx? u=; ) 


sess 2m z ©) 


The solution of equation (3) gives value of x. Substituting 
this value in equation (2), As can be found out. 
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The method explained here, gives exact amount of steel. 
This also can be found out using available design, aids as 
explained in art. 2-10. 

However for speedy calculations, when M < M.R. i.e. 
when -under-reinforced section is to be designed, steel area 
may be found from the equation, 

M 
RE 
_ where 7 of balanced section may be considered. 


(2) M > M.R. In this case the section can be designed 
as over-reinforced section. A 


Find depth of neutral axis using the equation 
Ocbc X 

M = bx.— — ,)` 

bx 2 (d 3) 


Area of steel can be found out by taking moments about 
neutral axis, 


bes. m A; (d — x). 


As discussed earlier, the over-reinforced design is not 
followed in practice. Therefore in such cases, the section 
1s designed as doubly reinforced beam where the reinforcements 
are provided in compression to give additional strength to 
the concrete. | 


Example 2-4. 


Determine the position of neutral axis of a reinforced concrete 
beam 230 mm wide and 460 mm effective depth, if the stresses developed 
in concrete and steel are 4-2 N/mm? and 98 N/mm? respectively. 
The materials are M15 grade concrete and mild steel reinforcement. 
Also state the type of the beam. 


Solution : 


For M15 mix, m = 18:66. 
Using equation (2-1) for actual stresses, 
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Hv D Ed 
.98 
bd 18-66 x 4-2 

Pi —044 . i | : 
. and x = kd = 0:44 x 460 = 202-4 mm: - 
depth of critical N.A. = 0-4 x 460 = 184 mm 


*actual > critical 


The beam is over-reinforced. 
Example 2-5. 


An R.C.C. beam, 350 mm wide and 460 mm effective depth is 
reinforced with 4 nos. 12 mm dia. bars in Hnsion. Find out the 
depth of neutral axis and state the type of the beam. The materials 
are M15 grade concrete and tor stéel reinforcement of grade Fe415. 


&—350 — 


Solution: 
For M15 mix, m = 18-66 
Ay =4 x 113 = 452 mm*. 


Let x be the depth of neutral axis. 
Taking moments about neutral axis, . 
ion = m Ás (d — x) . 


- x3 = 18:66 x 452 (460 — x) 


which gives x = 126-7 mm 
depth of critical N.A. = 0:29 x 460 = 133-4 mm . 


Xactual < X critical een 
'The beam is under-reinforced. 
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Example 2-6. 


Find the moment of resistance of the beam as shown.in fig. 2-9. 
Also state whether the beam is under-reinforced or over-reinforced. 
The materials used are grade M15 concrete and Fe415 grade tor steel ` 
reinforcement. E 


5N/ mn? 


k- 230 > M—— —M __ | 
T Irem x/3 
mi [T 
eee 3.20 0 T 


Fic. 2-9 


Solution: 


For M15 mix c4, = 5 N/mm? 
Fe 415 steel os = 230 N/mm? 
m = 18-66 
Ay = 3 x 314 = 942 mm?. 
Let x be the depth of neutral axis. 


Taking moments about N.A., 


bx =m Ag (d — x) 


2 
115x% = 9843523 — 17578 x 
x + 152-85 x — 85596 = 0 
which gives x = 296 mm 
- depth of critical neutral axis 
kd = 0-29 x 560 = 162-4 < 296 mm. 
Section is over-reinforced and concrete will fail first. 


230 .x.— = 18:66 x 942 (560 — x) 
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| 

MAR. = 5 ode bo (4—2) 
=; 5 x 230 x 226 (560 -5 x 10-° 
= 62-98 kNm. 


M.R. of the section is 62:98 kNm. . 
Example 2-7. "E 


Find the moment of resistance of beam section as shown in 
fig. 2-10. Also state whether the beam is under-reinforced or over- 
reinforced. The materials used are grade 15 concrete and mild steel 
reinforcement. | 


K- 250 > 
| 192.2 
500. 
= 4.16 $ 
Fic. 2-10 


Solution: 
For M15 mix m = 18:66 
A, — 4 x 201 = 804 mm’. 
Let x be the depth of neutral axis. 
Taking moments about neutral axis, - 


b.x. 55m Ay (d— x) 


= x2 — 18:66 x 804 (500 —x) 


xz = 60010 — 120-02 x 
which gives x = 192-2 mm 
depth of critical neutral axis 

= 0:4 x 500 = 200 mm 


- Xactual < X critical 


r 


I 
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Under-reinforced section. 


x.. 
M.R. = Ast » Og. (d — 3) 


— 804 x 140 (500 — x 10-8 
= 49-07 kNm. eee 
M.R. = 49-07 kNm. 1 


Example 2-8. 


Find the moment of resistance of the beam section as shown in 


fig. 2-11. The permissible stress in concrete in bending compression 
and steel in tension are respectively 5-6 N/mm® and 210 N[mm. 


K— 300 —y 


550 
| 


ý d ERST 


Fic. 2-11 _ 


>| 


T 
Igl.4 
c 


Solution: 


For a given concrete mix, 


280 
| m = 3 x 56 = 16:66. : 


Ay =4 x 201 = 804 mm2. 

Let x be the depth of neutral axis. 

Taking moments about neutral axis, 
300 5.5 = 16-66 x 804 (550 — x) 


x* = 49115 — 89:3 x 
which gives x = 18]-4 mm. 
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Now the depth of critical neutral axis 
= kd 


210 x 550 


Don 16:66 x 5:6 
= 169:2 mm 
Xactual > *critical 


The beam is over-reinforced and concrete will fail first. 


(MAR = bx. "8 (d 3) 


6 181-4 
= 300 x 181-4 x = (550———) x 10-* 
= 74-6 kNm. | 


- Example 2-9. 


A beam of size 230 mm x 600 mm oneal depth 15 ard 
with 4 nos. 12 mm dia. bars. Find the safe uniformly distributed 
load on the beam in addition to its self weight on a span of 4 m. The 
materials are M20 grade concrete and Fe415 grade steel reinforcement. 


K-230—4 
| x =148.4 
600 M) 
569 
| | 442 $ 
- Fie. 2-12 
Solution: | 
For M20 grade concrete, 
280 
= = 13-33 
ae OE 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


c 


38 Reinforced Concrete | [ Ch. II 


Ay=4 x 113 = 452 mm? 

d = 600 — 25 — 6 = 569. 3 
Let x be the depth of neutral axis. 

Taking moments about N.A., 


230 x. 5 =:13:33 x 452 (569 — x) 
x3 = 29811 — 52-4 x- 
which gives x = 148-4 mm. 
Depth of critical N.A. = 0-29 x 569 = 165-01 mm. 


“actual < Xçrincal 


Beam is under-reinforced and steel will fail first. 


M.R. = 459 x 230 (569 — zs x 10-8 
= 54-01 kNm. ees 
If the load on beam is w kN/m, 
MT 3 eun 
w= 27 kN/m. ` 


Self weight of beam 
= 0:23 x 0:6 x 25 = 3:45 kN/m. 


Additional safe U.D.L. on beam 
= 27 — 3-45 = 23-55 kN/m. 


Example 2-10. 


A simply supported beam over a span of 4-5 m is reinforced with 
tenston reinforcement only. The beam is 250 mm wide and has an . 
effective depth of 610 mm. It is reinforced with 4 nos. 20 mm dia. 
bars. Calculate the stresses in both the materials at the centre of 
span when a beam carries a uniformly distributed- load of 22 kN|m 
inclusive of self weight. The materials. are M15 grade concrete 
and mild steel reinforcement. Ses 
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Solution: 
For M15 mix, m= 18-66 
Ay = 4 x 314 = 1256 mm*?. 
Transformed area of steel = 18:66 x 1256 
= 23436 mm?. 


To find neutral axis, taking moments of transformed 
area about neutral axis, 


250 z. = 23436 (610 — x) 


x3 = 114375 — 187:5 x 
which gives x = 257-2 mm. 
For the beam, maximum moment at centre 
4-53 


92) Sac ee kNm. 
te- 250 —4 
ji N 
"E A 2572 
dd sal SS 


3528 
4206- — mA, = | 


1256 mm? 33436mn? 


Fic. 2-13 
Method 1: 
257-2 
- Lever arm — 610 tam i = 524-2 mm. . 


55.69 x 109 
=  — = 84-58 N 2, 
Steel stress 1256 X 524-2 [mm 


B (me, BAR 36. 257-2 
Concrete stress = X 54 —.— 18:66 ^ 352-8 


= $ 3 N/mm2. 
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Method 2: | 
Tex = $ X 250 x 257-23 + 23436 x 352-8? 
= 4:33 x 10? mm*; 
55:69 x 109 x 257.2 . 
433 x 10? 
= 3:3 N/mm. . 
55:69 x 10° x 352.8 
4-33 x 10? 
= 84-67 N/mm. 


Concrete stress = 


Steel stress = x 18:66 


Example 2-11. 


A simply supported beam of 5 m span carnes. a U.D.L. of 26 
KN/m inclusive of its self weight. Find out the steel area Jor balanced 
à section, if it is reinforced in tension only. The width of beam is 
230 mm. The materials are M15 grade concrete and mild steel 
reinforcement. ' 


Solution: 
53 
M = 26 X 3 = 81:25 kNm 
81:25 x 10° 
d= 0-87 x 930 230 ^ 637.2 mm 
81:25 x 109 


- T€ š s 
fu = M9 x 0:87 x 6372 T 10468 mmt. 


Example 2-12. 


A simply supported beam of 6 m Span carries a U.D.L. of 10 
KN/m inclusive of self weight. The beam is 230 mm wide and 
effective depth of 580 mm. Find the steel area. The matéridls 
are M 15 grade concrete and tor steel reinforcement of grade Fe415. 


Solution: 


«550 
M.R. of balanced section 
= 0:65 x 230 x 580? x 10-8 
= 50:29 kNm > 45 kNm. 
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Design as under-reinforced section. 


45 x 108 
0:65 x 230 
= 548:6 mm «580 mm provided. 


Design as under-reinforced section.. 


Exact method: 
M.R. = og. Ag (d —5) 


Alternatively, depth required — 


45 x 105 = 230 As (4— 2) which gives, 
586956 —.4,4 (8d —X) cis BSD ua e 5 ya (1) 


Taking moments about neutral axis, 


230 x x x 5 = 18:66 Ay (d — x) 


a= Soom ER ee IM eee (2) 
Substituting in equation (1), 
| RNC 
586956 — ET x (3 x 580—3). 
which on simplifying yields, 
x? — 1740 x3 — 95285x + 55265338 = 0. 
The solution of this equation gives, 
x = 159-2 mm. 
Substituting’ in (2), iS 
6:16 x 159-22 
K a = 371 mm. 
Approximate method: | 
Provided depth > required depth...:.......... (O.K.) 
Nee 45 x 10$ 
*" 230 x 0-9 x 580 
= 374:8 mm*.. 
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From above two calculations, it can be observed that 
for practical purpose, approximate method may be followed 
and is conservative for under-reinforced section. However, 
if the exact method is to be followed, one may use the 
available design tables. This is explained in art. 2-10. 


2-10. Useof design aids: Referring fig. 2-4, to find 
neutral axis, take moments about N.A. = 
kd 


b. kd. > — m Ay (d — kd) 
putting As; ES 
kB. = kë = (1.— 4) 
p= o (1—4) 
p +h Am co 


The positive root of this equation gives 
k= — p um 


büm* , pum | 
EE + (100: + 50 Seay eee (2-7) 


Now the moment of resistance of the under-reinforced 
section is given by, 


M.R. = Ast. Ost X (@—=) 
PE, k 
=“ Xd (ls 
M _ Pe Sse k 
ma ny dies) eh a (2-8) 


M . 
| Values of iat have been tabulated against p; in tables 
68 to 71 of SP: 16. | 
Example 2-13. 


A simply Supported rectangular beam of 4 m span carries a 
uniformly distributed load. including self weight of 20 kN|[m. If the 
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beam is 250 mm wide x 450 mm effective depth, find the steel area 
required at mid-span. The concrete is M15 grade and mild steel 
reinforcements are used. 


Solution: 
2 
Design moment M — =° = E — 40 kNm 
M 40 x 10$ 
ba 550 x 4502 — 079. 
From table 68, SP : 16 
100 A, 
np SS 0-65 
and i . As, = 0-65 x 250 x 450 E 731 mm?. 


i 100 
Provide 4 nos. 16 mm $ = 804 mm2. 


Example 2-14. 
= Check the section of example 2-3 using design tables. 
Solution: 


The section can be checked by two measures. 
(a) Maximum stress in steel and concrete shall be less 
than permissible value. ‘This is done in example 2-3. 
'(b) The moment of resistance of the beam shall be 
greater than applied moment. : 
100 As 100 x 603 
Bis SR. 7 BOO a oo 


From table 68, SP : 16 


bd* 

M.R. = 0:7985 x 200 x 460? x 10-9 = 33:8 kNm. 

The moment of resistance of the given section is greater 
than applied moment. Thus the section is safe. 

DOUBLY REINFORCED BEAMS 

2-11. Introductory: For a design moment M, if the 
size of the rectangular section is fixed and moment of resis- 
tance of a singly reinforced section is less than M, there are 


two methods to design such beams: 
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(1) Increase the concrete mix to increase the capacity 
of the section. 


(2) Reinfor cements are provided in compression zone 
to give additional strength to the concrete in compression. 
Such beams are called doubly reinforced beams. 


A concrete structure when loaded, undergoes elastic 
as well as plastic deformation. The plastic deformation is 
termed as creep. Elastic deformation is an instantaneous 
process, while creep is a long process. Thus, total strain 
increases with time. Therefore the value of modulus of 
elasticity of concrete will decrease. This means that the 
modular ratio which is defined as ratio of modulus of elasticity 
of steel to the modulus of elasticity of concrete will increase 
with time. IS :456 in table no. 16 (table no. 1-4 of this 
book) states that the permissible stress for compression in 
bars in a beam or slab when the compressive resistance of 
the concrete is taken into account, shall be taken as the 
calculated compressive stress in the surrounding concrete 
multiplied by 1-5 times the modular ratio or o, whichever ‘is 
lower where o;, is the permissible stress in compression in 
column bars. oo 


2-12. Derivation of formulae for balanced design: 
‘A doubly reinforced beam subjected to a moment M can 
be expressed as a rectangular section with tension reinforce- 
ment Ás reinforced for balanced condition giving moment 
of resistance M, lan auxiliary section reinforced with 
compression reinforcement A, and .tensile reinforcement 
Asta giving moment of resistance Ma. 


Consider a rectangular doubly reinforced beam as shown 
in fig. 2-14 (a). This is equivalent to-the section resisting 
M; shown in (5) + section resisting Mz. shown in (c) where 
M, + M, = M. The stress diagram is shown in (e). 


Transformed area of compression zone in terms of 
concrete area 


= 1:5 m Ase af bx — As 
= (15 m—1) Ag t bx... cece eee eee (2-9) 
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The first term represents equivalent concrete area .of 
compressive steel and second term represents the effective 
concrete area in compression. 


K— b —4 K— b — 


| 
Y 

d. um 
f 


(a) Section resisting (b) Section resisting (c)Section resisting 


moment M moment. Mi moment M» 
Oche 
K— |: — — <— xed’) 
4 X | d J O:b: 
a" K VA ~ x / 
x 
Asi + Asta T= T+ T> 
(di Section a (e) Stress diagram 


Doubly reinforced section 
Fic. 2-14 


Stress in concrete at the level of steel in compression zone 
xd. 
x 


Oche- 


Taking moments of compressive forces about centroid 
of tensile forces to get M.R. of a beam. 


Te (Z Sq) 


M.R. = (1:5m — 1) As. 
Ree os 
3) 


x —d' 


TE 


- Ocbc - (d—d') + Qbd* where 


= (1:5m = LAs, . 


Qbd* = M, as defined. Ej. 
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Now M=M +M, 


x—d ; 
M, = (1-5m 51) Ase Sche ( :) (d — d') 
. M. V 
A= - = == TIT m ERE epi (2-10a) 
(1-5m — 1) Sce. ( ) (d — d') 
Corresponding tension steel 
M; 
mM UOI ELI EO IL. 2-105 
di (d — d') (2m0) 
Mi 
= = BW erie ic cron UT -10 
$11 On jd (2 c) 


A. = ADS ETERNA (2-104) 
Example 2-15. | 


A rectangular beam 230 mm wide x 400 mm effective depth 
¿s subjected to a moment of 42 kNm. The effective cover of compressive 
reinforcements is 40 mm. Find out the reinforcing steel. The 
materials are M15 grade concrete and mild steel reinforcements. 


One = SN/ mm? 
Fe 230 > = s 210308 
l (xe Orbe 
Ling x, 
£ N 
Pn B: 
40 ; 400 


(a) Section. (b) Stress diagram (c) Reinforcement 
Fie. 2-15 
Solution: | 
For a balanced section, 
M, = Qbd* = 0-87 x 230 x 400? x 10-* = 32 kNm 


We = 32 x 108 
s 140 x 0-87 x 400 


= 657 mm?. 
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Depth of N.A. x = kd = 0-4 x 400 = 160 mm 
M, = 42 — 32 = 10 kNm 


280 
m = —— [ = 18:66 


3x5 
Ar E Se uH Mal oe = M MM 
(x — d) 
(1:5m — 1) s X - x (d — d') 
E: 10 x 10$ 
(1:5 x 1866 —1) x 5 x CS (400—40) 
= 274 mm*. 
š 10 x 108 
Correspond == ee s c 
DUM Hai TA (400 A0) 
= 198 mm? 
Asc = 274 mm? 


Ast = 657 + 198 = 855 mms. 
Provide 2 — 16 top bars = 402 mm? 
3 — 20 `$ bottom bars = 942 mm2. 


2-13. Transformed area method: A doubly rein- 
forced beam and its transformed section is shown in fig. 2-16. 


(1.5 m—l) Ass 
H Aer 
diis | | 
j 


Hex» 


d-x 
. mAs" i 
(a) Section (b) ‘Transformed section 
Doubly reinforced beam 
Fic. 2-16 


Transformed area of compression zone 
= (l-5m — 1) As, + bx. 
Transformed area of tension zone i 
l = m Ast- : 
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Position of neutral axis can be found out by taking 
moments of areas about N.A. 


bx . > 4. (1-5m — 1) As(x — d') = mAg (d — x) .. . (2-11a) 


Solution of this equation gives depth of neutral axis x. 
Method 1: 


Taking moments of come forces about tensile 
steel and equating to external P. M. 


M= (15m, — 1)As x = E x (d — d") 


(transformed (Stress in (distance from 
area) concrete at tensile steel). 
level of com- 
pressive steel) 


where fa is the stress in top fibres of concrete. 
Stress in compression steel 


= (l5m —1) (—— 


Stress in tensile steel 


Method 2: Classic flexure formula: 
Find moment of inertia of section 


I=} bx3-- (15m—1) Ase (z — d')*--mAg (d—a)*. ..(2-192) 
Then stresses in concrete and steel can be found out by, 


Stress in concrete — = Mente niinc (2-126) 
xx 
Stress in compression steel = (1:5m — 1) x — 
O (SOD) 
Stress in tension steel — m. ID Sek scs Mie E (2-124) 
m d 
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Example 2-16. 

A rectangular beam is reinforced as shown in fig. 2-17(a). 
Find out the maximum stress in concrete and steel if it is subjected to a 
moment of 42 kNm. The materials are M15 grade concrete and 
mild steel reinforcements. 


K- 230 > K-230 


216 + 1085-4 nmi 
leo 
| Í 
. 240 
— o of 30% 17384 mm? $ 
(a) Section (b) Transformed area 
: Fic. 2-17 
Solution: 
280 
For M15 grade concrete m = Oa ENN 18°66 


compression steel As, = 2 x 201 = 402 mm? . 
transformed area — (1-5 x 18:66 — 1) x 402 
— 10854 mm? 
tension steel A, = 3 x 314 = 942 mm? 
transformed area = 942 x 18:66 = 17584 mm*. 


To find the position of neutral axis, taking moments of 
transformed area about N.A. 


; x 930 x x2 + 10854 (x —40) = 17584 (400 — x) 


11542 + 10854x — 434160 — 7033600 + 17584x = 0 
x2 + 947:98x — 64937 = 0 which gives | 
XA mms s n 


Method 1: 
Taking moments of compressive forces about tensile 


steel and equating to external B.M. using equation (2-115) 
160 — 40 
49 x 10? = (1:5 x 18:66 — 1) x 402 X TRG des 


160 
x (400 —40) + 230 x 160 (400 — RA 
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= 2930580 f; + 6378666 fj which gives 
Jo = 4:51 N/mm!?. 
Stress in compression steel using equation (2-11c) 
160 — 40 
Sse = (1:5 x 18:66 — 1) (Te? x 4-5] 
= 91-33 N/mm?. 
Stress in tension steel using equation (2-11d) 
400 — 160 
= 126.23 N/[mm?. 
Method 2: 
T, | = $x 230 x 160? + 10854 x 120? -+ 17584 x 2402 
= 1:48 x 10? mm. 
42 x 108 x 160 


In DUAL M EES A: 2 
Concrete stress 1-48 x 10° 4:54 N/mmz. 


Stress in compression steel | 
_ (1:5 x 18:66 — 1) x 42 x 109 x 120 
T 1-48 x 10? 
= 91:95 N/mm9?, 
Stress in tension steel 
_ 18:66 x 42 x 109 x 240 
E 1-48 x 10? ED, 
= 127 N/mm. 
Example 2-17. 


A rectangular beam is reinforced as shown in Jig. 2-18(a). 
Find out the moment of resistance of the section. The materials are 
M20 grade concrete and tor steel reinforcement of grade Fe 415, 
Solution: s 
For M20 grade concrete, o,,, = 7 N/mm? 

280 


m = 3x7 = 13:33. 


Transformed area of compression steel 
= (1:-5m = LAs, 
= (L5 x 13:33 — 1) x 2 x 314 = 11932 mm2. 
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Transformed area of tension steel 
= 3 x 491 x 13:33 = 19640 mm*. 


-To find neutral axis, taking moments about N.A. 
2 
230 5 4 11932 (x —40) = 19640 (450 — x) 


115x2 + 11932x — 477280 = 8838000 — 19640x 
115x? + 31572x — 9315280 = 0 
x? + 274:54x — 81002 = 0 

. which gives x = 178-7 mm. 


40 K- 230-4 «- 230-4 
11932 mm? 


x 
|N- — - A. 
450 5 
| ah 3.25 $ 19640 mn? 


(a) Section (b) Transformed area 
Fic. 2-18 


Depth of balanced neutral axis referring table 2-1 
— 0:29 x 450 = 130:5 < 1787. 
The section is over-reinforced and concrete stress reaches 
the maximum value first, then 
we R. = M, + M, where 
= Qbd* 
— 0-91 x 230 x 4502 x 1079 = 42:38 kNm 
= (1:5m — 1)Asge - Oche- =) (d — d') 


ads 178:7 — 2a 
Co x c 178-7 


x (450 —40) x 10-* 


= 96:58 kNm 
M = M, + M, = 49:38 + 26:58 = 68:96 kNm. 
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Example 2-18. 

A rectangular beam is reinforced as shown in fig. 2-19(a). 
Find out the moment of resistance of the section. The materials 
are M20 grade concrete and tor steel reinforcement of grade Fe 415. 


| K- 330 > k- 230->4 
7638 mm? 
| E 246 d NI — fisz 
450 | | 
| 321.3 
| 
X 6% 8040 mm? | 
(a) Section (b) Transformed area 
Fic. 2-19 


For M20 grade concrete, o4, = 7 N/mm? 


280 
m = 3x7 = 13:33 ; 


As, = 2 x 201 = 402 mm? 
` As = 3 x 201 = 603 mmt, 
Transformed area of compression steel 
= (1-5m — 1) As, 
= (1-5 x 13-33 — 1) x 402 = 7638 mm2. 
Transformed area of tension steel 
= mA, = 18:33 x 603 = 8040 mms, 
To find neutral axis, taking moments about N.A. 
x3 
2 
On simplification, this yields 
x + 136-3x — 34118 = 0. | | 
Solving for zx E ee 
^ £- 128-7 mm. 
Depth of balanced neutral axis 
= 0:29 x 450 = 130:5 > 128-7. - 
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Beam is under-reinforced. Therefore the steel. will 
fail first. 


To find lever arm, c.g. of the compressive forces is to be 
found out. 

Taking moment of compressive forces about the top 
fibre, 
. _ 7638 x 40 + 230 x 128-7 x 64:35 

ET 7638 + 230 x 128-7 
' = 59-35 mm. 
Lever arm = d — y = 450 — 59:35 
= 390:65 mm. 


Moment of resistance 


— om 


= Ast . Ost . Jd 
= 603 x 230 x 390-65 x 10-6 
| = 54:18 kNm. 
9-14. Use of design aids: Referring fig. 2-14, 
M = M, + M, 
= Moat + Asta X c (d = d') 
and Ase = Asti + Aste 


bd 
where Asn = Piba X 199 
1 ZU Ma 
m on (d—d) 
M. 
and Age = ee 
(1-5m — 1) Sebe- ` . (d — d') 


X 


The compression reinforcements can be expressed as 
a ratio of additional tensile reinforcement area Asta: 


dez sala) 


wp OS l E 


—d : 
A sto (1-5m — 1) ecc Č = ) (4— 4) 


Ost l 


_ os ooo where x = kd. 


de (1-5m —1) (1— 55) 
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Values: of this ratio have been tabulated for different 


values of : and ccb in table M of SP : 16. Values of p, and 


be for different four values of : have been tabulated against 


M. ati 
id in tables 72 to 79 of SP: 16. 


Example 2-19. 


A rectangular beam of size 230 mm X 560 mm effective depth 
has to resist a moment of 92kNm. Find out the reinforcements. 
The materials are M15 grade concrete and mild steel reinforcements. 
Use design tables. 


K- 230 -= 
| wc 2.20 $ 
560 
i | E 5-200 
Fic. 2-20 
Solution: š 
M 9 6 
= IOS 1008 e 0:87 


bd? 930 x 560° 
design as a doubly reinforced beam. 

d 40 d' 

a 560 = 0:09 use TT = 0l. 


From table 72 of SP : 16 
1:042 x 230 x 56 
pi = 1:042 .. Ag = ee 1342 mm. 
ia u Ü À 852 < 250 X 560 
100 
Provide 2-20 $ compressive steel = 628 mm? 
and 5-20 $ tensile steel = 1570 mm2. 


= 585 mm?. 
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FLANGED BEAMS 


2-15. Introductory: In monolithic construction, the 
slabs and beams are casted together. In such cases for design 
of beams, the compressive resistance provided by concrete 
of slab is also considered. These beams are known as flanged 
beams. Flanged beams may be "Te? beams or "EU" 
beams. The 7 beams and L beams are illustrated in fig. 
2-2]. 


B; B: 
| ' 
li p || || 
JI Bi aih Ba} | Bani i 
. B | ‘ . 
Ea rS a PSAi | 
r | | | > li l I Hee 
BN KENN ee 
| | || 
E || | 
p o B: B 
K—t, — tts xe i= 
(a) Plan 


> k— t, et kt Rl K- 


bo ba b. bo bu 
(b) Section 
T and L beams 
Fic. 2-21 


Note that beams B, and Bs are L beams while benini 
are T beams. (For further discussion refer art. 5-17.) Ee 
some architectural reasons, beam B, has been inverted. The 
beam B, shall be designed as rectangular beam. The pee 
is that the slab is lying in a tension zone and slab concre 
is not useful in resisting compression. 
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When the spacing of beams is increased (i.e. /, is increased), 
the concrete of slabs, far from the centre line of the beam 
will become-uneffective in resisting the compression. Similarly 
if the spacing is decreased, all the concrete of slab may be 
effective in resisting compression. Thus, always all the concrete. 
of flange cannot be considered resisting compression. IS : 456 
gives following formulae for finding out the effective flange 
width of 7 or L beams. 


pe  — bi — ——9» | K—— — by — ər | 
Dy Dy 


E 


K hy —>{ K— b. — 
(a)  'T' beam (b ^ 'L' beam 
I——— b —— — — 4 | k— b — —54 | 
= 7 D, 
je- ba ->i je-— bh. —H 
(c) Isolated ‘I’ beam (d) Isolated 'L' beam 
Fic. 2-22 


In the absence of more accurate determination the 
effective width of flange may be taken as following but in no 
case greater than the breadth of web plus half the sum of the 
clear distances to the adjacent beams on either side. 


Referring fig. 2-22(a) and (b), 
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For 7 beams, 
(a) b = 2 + bw + 6 Dy. 
For Z beams, 


i 
(b) br = D + bw + 3Dy. 
(c) For isolated beams, the effective flange width shall 
be obtained as below but in no case greater than the actual 
width. | 


Referring fig. 2-22(c) and (d), 


For 7 beam, 
by = (5 ru -H bw 
b 
For L beam, 
þri 0-5 h rep 


- where 

by — effective flange width, 

l, = distance between points of zero moments in the 
beam. This is equal to the effective span of the 
beam for simply supported beams and may be 
assumed as 0-7 times the effective span of the 
beam for continuous beams, 

by == width of web, 

Dy = thickness of flange, and 

b = actual width of flange. 

However in any case the value of b, shall not exceed 

the actual width of flange. 


9-16. Moment of resistance of a flanged beam: 
The flanged beam may be a singly reinforced or doubly rein- 
forced beam. Doubly reinforced flanged beams are rare n. 
practice and will not be considered here. However, this can 
be designed in a way similar to the doubly reinforced 


rectangular beam. 
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In flanged beams, two possibilities can be there: 
(a) the N.A. lies in the flange, and 

(b) the N.A. lies in the web. 

These are discussed as below: 


(a) Neutral axis lies in flange: 


In. this case the beam acts as a rectangular beam of 
width 5; and moment of resistance of the section is given by, 


MR. = Qz S CORTE ee (2-13a) 


Value of Q in this case will be higher than the case of 
rectangular beam as large compression area is concentrated 
here. 


Alternatively, if the area of steel reinforcement is known, 
the depth of neutral axis can be found out by taking moment 
about N.A. 


bj . x? 
2 


= yall (Q eee (2-135) 


x can be found out from this equation then, 

MER Sep rates (di niata Sova (2-136) 
SHE 3 

M.R. with respect to tensile force 


= Ay . Ost - (d — x/3) "o "c (2-13d) 


(b) Neutral axis lies in web: 


— Ou. K— 
T Ocb” = SEDI Ocbc 
i x 
— I 
K— by — . 
(a) Section (b) Stress diagram 
Singly reinforced T beam 


Fic. 2-23 
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When the N.A. lies in the web, the compression taken 
by web is very small as compared to the compression taken: 
by flange and is usually neglected. 


Fig. 2-23 shows a singly reinforced T beam where N.A. 
lies in the web. 


Depth of N.A. can be found by taking moments about N.A- 
D - 
bjD, (x — = = m ÁÀy, (d — x) 


The solution of this equation gives depth of neutral axis x. 


Let y be the distance of c.g. of compressive forces from 
top of the flange. Taking moments about top fibres, 


Dr; D; 


Ds Ocbe + 2 Oche 
3 Occ + Occ 
A D; 


Now c be. = Gçbc 


x — D 
Oche + 2 a g f 


y EX ( X4 — 2r) 3 
Oche -l- Sebe 


Nr 
< 


lever arm = d — y 
M.R. with respect to compression 


i (set sue CEN uU. (2-15a) 


and M.R. with respect to tension 
= Ag Ost (d — yj). a s à o. o s "a » « à 4/3 9 * o 8 es 0 9 P» (2-152) 
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2-17. Types of problems: 
Type 1: To find the neutral axis. 


(a) If the section and actual stresses in materials are 
given, find out depth of neutral axis using equation (2-1) as 
for singly reinforced rectangular beam. 

x = kd 


1 
where £ = ———— 


Sst 
; m Job 
- If depth of critical neutral axis is to be found out replace 
Ja by Ost and qe by Och: ! 
(b) If the section and steel area provided are given, 
first decide whether the N.A. lies in flange or in web as follows: 


Take moments of transformed area of concrete flange 
(Mi) and transformed area of steel (Mis) about the bottom 
of flange. Then, 


(1) If Mi; > M, N.A. hes in flange 

(2) If M, = Mi, N.A. lies at bottom of flange, and 

(3) If M, < Mis N.A. lies in web. 

When neutral axis lies in flange, the depth of N.A. 
can be found out by taking moments about N.A. 


been. = m Ay (d — x). 


When neutral axis lies in web, the depth of N.A. can be 
found out by taking moments about N.A. neglecting small 
concrete area in web portion, 


by. Dy -2 = m Åy (d — x) 


Type 2: To find out the moment of resistance of give 
section. 


(1) Find out the depth of actual neutral axis and 
critical neutral axis as explained in type 1. 

(2) Decide the type of failure i.e. compression failure 
(over-reinforced) or tension failure (under-reinforced). If 
Xaciual < Xcritical, the beam is under-reinforced and if 
Xactual > Xcritical, the beam is over-reinforced. 
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(3) If N.A. lies in flange, M.R. is given by, 


MLR. = Ay. ox (4— 2) using equation. (2-13d), when ` 
under-reinforced, and 

M.R. = Q by d° using equation (2-13a), when. over- 
reinforced. 

(4) If N.A. lies in web, M.R. is given by, 

M.R. = Ay. os (d —y) using equation (2-155). when 
under-reinforced, and 


M.R. = b; D, (T Te) (d—y) using equation (2-15a) 


when over-reinforced. 
= Wype 3: For the given moment and section of beam, 
to check the stresses. 
Method 1: 
= (1) Find out the neutral axis of beam as explained in 
type l.. 

(2) Find out thë lever arm. If N.A. lies in flange, 


lever arm = d — s and if N.A. lies in web, lever arm — d — y 


where y is a distance of c.g. of compressive forces from 
extreme compression fibre. 


(3) The stresses are found out as follows: 


; M 
Stress in steel = fy = A, X lever arm 
k] 


š | Sst x 
es crete = fa ="— .—— 
Stress in con Se n gm 


Method 2: 
(1) Find out N.A. of beam as explained in type 1. 
(2) Find out moment of inertia of beam neglecting 
concrete in web portion. 


Ix = 


= + m Ag (d — x)? when N.A. lies in flange, 
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2 
$ bD? + bDy (s = Pr) + m Ag (d — x)? when 


N.A. lies in web. 


The stresses in concrete and steel are given by, # 


and, I xx = 


Stress in concrete 
Mx 

fe — iis and, 
Ixx 


Stress in steel 
M (d— x) 
e 


Type 4: To design singly reinforced T beam for a 
given moment. 


fa=m. 


The resistance to compression of concrete slab in a 
flanged beam is very high as compared to a rectangular beam. 
This gives much less depth required to resist a given bending 
moment. The depth of 7 beam or L beam in practice 
depends on many factors such as the cost of concrete, steel 
and formwork. The architectural requirements also may 
decide the depth. Providing depth only using moment as 
a criteria will increase the steel requirement. The amount 
of shear reinforcement also increases as discussed in chapter 3. 
This may prove uneconomical. 


To design a flanged beam, the following pattern may 
be followed: 


(1) Fix the width of the beam using architectural 
considerations. Also the width shall be sufficient to accomo- 
date the reinforcement fulfilling the practical requirements 
of spacing of bars as explained in art. 2-4. 


(2) Assume overall depth of beam D = a to a of 


12 
the span and substracting effective concrete cover from over 
all depth, find out effective depth d. 


(3) Assume as a first trial, approximate lever arm 
D 
=d——!, 

2 


` 
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(4) Reinforcement area shall be found out from the 
equation, 


(5) Check the section either for moment of resistance 
or actual stresses as explained in type 2 and type 3. 


Example 2-20. 

A tee beam with rib width of 230 mm flange width of 1600 mm, 
thickness of flange 100 mm and effective depth of 500 mm is reinforced 
with 4 no. 20 mm diameter bars as tension reinforcement. Find 
out the depth of neutral axis. The materials are M15 grade concrete 
and mild steel reinforcement. 


Solution : 

For M15 mix m = 18:66. To find the position of neutral 
axis, compare the moment of transformed areas of flange 
and reinforcement about bottom of flange. 


—— — 1600 (NT.$)—— 


K-230—1 
Fic. 2-24 


Ag = 4 x 314 = 1256 mm? 

M;, = 1600 x 100 x 50 = 8 x 106 
M,, = 18:66 x 1256 x 400 = 9:37 x 10° 
Mts > Mt 

N.A. lies in web. 
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Taking moments about neutral axis, 
n ! 
b prhe) = m Ág (d — x) 
1600 x 100 (x — 50) = 18-66 x 1256 (500 — x) 


which on solving gives, 
x = 107:54 mm. 
Example 2-21. 


Find the moment of resistance of a tee beam as shown in fig. 2-25. 
The materials are M 15 grade concrete and tor steel reinforcement 
of grade Fe 415. 


K————— 1800 (NT.S.) > 


j i 
120 | x= 97,2 


igo | T 


1-20 o 


t< 230 > 


Fic. 2-25 


Solution: 


Taking moments of transformed areas of flange and 
reinforcement about bottom of flange, 


M,, = 1800 x 120 x 60 = 1-296 x 107 


Mi, = 18:66 x 1256 x (460 — 120) = 0:797 x 10? 
Mie > Mis 


N.A. lies in flange. 
Taking moments about N.A. 


1800 x x 5 = 18:66 x 1256 (460 — x) 


x? = 11979 — 26:04 x 
which gives x = 97:2 mm. 
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Depth of critical N.A. = 0-29 x 460 = 133-4 
. Xactual < “critical 


Under-reinforced beam. 


) x 
MIRS Ast . Ost ° (d m 3) 


— 1256 x 230 (460 EE x 10-5 
— 193:52 kNm. 


Example 2-22. 


A tee beam as shown in fig. 2-26 is subjected to a moment of 
120 kNm. Find out the maximum stresses in the materials. The 
materials are M15 grade concrete and mild steel reinforcement. 


——cÁÑ 1600 (N.T.S.) — —» 


* 
122.6 
f 0.02 feb 
327.4 
: r 
I— 300 — 
(a) Section (b) Stress diagram 
Fic. 2-26 


Solution : 
eae i x 252 = 1963 mm. 


Taking moment of transformed area of flange and 
reinforcement about bottom of flange, 

My, = 1600 x 120 x 60 = 1-152 x 107 

M, = 18:66 x 1963 x 330 = 1-209 x 107 

Mis > Mr 

N.A. lies in web. 

Taking moments about N.A. neglecting small concrete 

in web, | A 
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1600 x 120 x (x — 60) = 18:66 x 1963 (450 — x) 


which on solving gives x = 122-6 mm. 


Method 1: 
The c.g. of compressive force from extreme compression fibre, 
120 120 I20r 28x 120 
ee a U55755 
SE: 120 120 
Jo X > + 0:02 fo X “oy 
= 40:78 mm 
lever arm = 450 — 40-78 = 409-22 mm. 
120 x 108 
t i = ——  . = . 2 
Stress in steel 1963 x 409-99 149-38 N/mm 
Stress in concrete — DESI x MAG 
18:66 327-4 
; -= 3:0 N/mm?. 


Method 2: 


Tex == 


x 1600 x 1208 + 1600 x 120 (122-6 — 60)? 
+ 18:66 x 1963 (327-4)? 


] 
12 
= 4:9] x 10? mm’. 


Stress in concrete 
| 120 x 106 x 129-6 
Ja = ———— 


= 2 
49 x 10° = 3 N/mm. 
Stress in steel 


120 x 109 x 327-4 


s Td, X 39274 
Jsi DOS RE ESI CI 


= 149-3 N/mm?. 


Example 2-23. 


A tee beam (beam B, of fig. 2-21) of a concrete Jloor is loaded 
with 25 kN|m load inclusive of self weight. The tee beams are 
Spaced at 3 m centres. The span of beam is 6 m and simply 
supported. Thickness of slab is 120 mm. Design the beam for 


flexure. The materials are M15 grade concrete and mild steel 
reinforcement, 
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Solution:. 


M = = 112-5 kNm. 


25 x 6? 
8 


Use by = 230 mm and D = 5 of span = 600 mm. 


Using two layers of 20 mm diameter bars, 
d = 600 — 25 — 20 — 10 = 545. 


Assume lever arm = d — zi = 545 — 60 = 485 mm 


112:5 x 10° š 
Ag = 40 x 485 = 1657 mm*. 
Use 4 no. 20 mm diameter bars plus 2 no. 16 mm diameter bars. 
Ag = 4 x 314 + 2 x 201 = 1658 mm?. 


The designed section shall now be checked for moment 
of resistance or for actual stresses. 


Actual width of flange — 3000 mm, 
l 
and b= 6 + by + 6D; 


= T 4 230 + 6 x 190 = 1950 mm. 


= 
[17 
| 


1950 mm. 


— Io (NT$) ——+— 


I—2301 
Fic. 2-27 
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Mi = 1950 x 120 x 60 = 1:404 x 10? 

M, Í = 18:66 x 1658 (545 — 120) = 1:315 x 10? 
M, > Mis ; 
N.A. lies in flange. 


Taking moments about neutral axis to find its position, 


1950 x x : = 18-66 x 1658 (545 — a). 


On simplification this gives, 
x° + 31-73 x — 17294 = 0 
which on solving gives, 
x = 116:6 mm. 


Method 1: 


Depth of critical neutral axis 
= 0-4 x 545 = 218 mm 
Xactual < Xcritical 
Under-reinforced beam. 


M.R. = Ay. og (d — 2) 


= 1658 x 140: x (545 — e, x 10-8 - 


= 117.48 kNm > 112-5 kNm............ (O.K.) 
Method 2: 
If fæ is the stress at the extreme compression fibre, 
compressive force = 1950 x 116-6 xi 
= 113685 fy. 


Equating M.R. of section to external B.M. 


116: 
113685 fy (545 — r) = 119:5 x 105 


is Jo = 1:96 N/mm? < 5 N/mmš................. (O.K.) 
Stress in tensile steel 


ss 
Sst = m fo. > z 
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545 — 116:6 
134-38 N/mm? < 140 N/mm’. (O.K.) 


I. = ix 1950 x 116-63 + 18:66 x 1658 X 498.43 
= 6:7 x 10? mm*. 


Ja = 


Si = 


2-18. 


112-5 x 109 x 116-6 


6-7 x 109 | 

1-96 N/mm? < 5 N/mm?..........----++ (O.K.) 
119-5 x 109 x 428-4 ; 
Se x 18-66 

134-22 N/mm? < 140 N/mm!..........-- (O.K.) 


Slabs: Slabs are plate elements having the 


depth D much smaller than its span and width. They are 
usually carrying uniformly distributed loads from floors 
and supported on walls or beams. Slabs are primarily 
flexural members and designed in the same way as the beams. 
They are treated separately in chapter 6. 


EXAMPLES I 


[Note: Assume suitable data wherever necessary.] ` 


(1) Answer the following: 


(a) 


(b) 
(c) 
(d) 
(e) 


(£) 


How many 20 mm dia. tension bars can be adjusted 
in a beam of 200 mm width in one layer? 


Why is the over-reinforced design not advisable ? 
What is the transformed area? 

Explain how modulur ratio changes with time. 
Explain why the actual width of tee beam is not 


always effective in carrymg compression. 

In some type of concrete, permissible stress in 
compression in bending is 6:2 N/mm2. Find out 
value of m. 
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(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


Reinforced Concrete |: ,[Qh. H 


Determine the position. of neutral axis of a reinforced 
concrete beam 250 mm wide X 360 mm effective depth, 
if the stresses developed in concrete and steel are 4:6 N/mm? 
and 106 N/mm? respectively. The materials are M15 
grade concrete and mild steel reinforcement. Also deter- 
mine the type of the beam. 


An R.C.C. beam 200 mm wide x 460 mm effective depth is 
reinforced with 3 no. 16 mm dia. bars. Find out the 
position of neutral axis and state the type of the beam. 
The materials are M15 grade concrete and tor steel rein- 
forcement of grade Fe 415. | | 


A concrete beam 300 mm wide x 420 mm effective depth 
is reinforced with a steel reinforcement having a safe tensile 
stress of 115 N/mm?. If the concrete grade M20 is used, 
find the depth of critical neutral axis. 


An R.C.C. beam of size 230 mm wide x 660 mm effective. 
depth is reinforced with 4 no. 20 mm dia. bars. Find out 
the moment of resistance of beam. Also state whether the 
beam is under-reinforced or over-reinforced. The materials 
are M20 grade concrete and mild steel reinforcement. 


Solve the above Example (5) if the concrete mix of M15 
grade is used. 


An R.G.C. beam of size 300 mm wide x 620 mm effective 
depth is reinforced with 5 no. 12 mm dia. bars. Find 
the moment of resistance of the beam. The materials 


are M15 grade concrete and tor steel reinforcement of . 
grade Fe 415. 


An R.C.C. beam of size 200 mm wide x 560 mm effective 
depth is reinforced with 4 no. 16 mm dia. bars. Find 
out the moment of resistance of the beam if the permissible 
stresses in concrete in bending compression and steel in 
tension are respectively 5:2 N/mm? and 215 N/mm?. 


A rectangular R.C.C. beam of size 350 mm wide x 450 mm 
effective depth is reinforced with 4 no. 12 mm dia. bars. 
Find the safe concentrated central point load on a span 
of 3-6 m, which the beam can resist in addition to its self 


weight. 'The materials are M15 grade concrete and tor 


steel reinforcement of grade Fe 415. 
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(10) A simply supported rectangular beam over a span of 3:6 m 
is reinforced in tension only. The beam is 230 mm wide 
and has an effective depth of 510 mm. It is reinforced 
with 4 no. 16 mm dia. bars. Calculate the stresses in both 
materials at the centre of span when a beam carries a 
uniformly distributed load of 26 kN/m inclusive of self 
weight. The materials are M15 grade concrete and mild 
steel reinforcement. 


(11) Solve the above Example (10), if M20 grade concrete and 
tor steel reinforcement of grade Fe 415 are used. 


(12) A simply supported beam of 48 m span is carrying a 
uniformly distributed load of 28 kN/m inclusive of its self 
weight. Find out steel area for balanced section, if it is 
reinforced in tension only. The width of beam is 230 mm 
and the materials are MI5 grade concrete and mild 
steel reinforcement. 


(13) A simply supported rectangular beam of 5 m span carries a 
' uniformly distributed load of 6 kN/m inclusive of its self 
weight. It also carries a central point load of 16 kN. Find ` 
the depth and steel area for balanced design. The materials 
are M15 grade concrete and tor steel reinforcement of 

grade Fe 415. 


(14) A simply supported rectangular beam of 6:2 m span carries 
a uniformly distributed load including self weight of 7:5 
kN/m. If the beam is 230 mm wide x 460 mm effective 
depth, find the steel required at mid span. Use design 
tables. ‘The materials are M15 grade concrete and mild 
steel reinforcement. 


(15) A beam of size 250 mm X 600 mm effective depth is rein- 
forced with 4 no. 12 mm dia. bars. It is subjected to a 
bending moment of 60 kNm. Check the section using 
design tables. The materials are M15 grade concrete : 
and tor steel reinforcement of grade Fe 415. 


(16) A rectangular beam 900 mm wide x 460 mm effective 
depth is subjected to a moment of 45 kNm. The effective 
cover of compressive reinforcement is 40 mm. Find out 
the reinforcing steel. The materials are M15 grade concrete 
and tor steel reinforcement of grade Fe 415. 
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(17) 


(18) 


(19) 


(20) 


(21) 


(22) 


(23) 


Reinforced Concrete [ Ch. II 


A doubly reinforced rectangular beam of over all size 230 
mm width x 550 mm depth is reinforced with 2 no. 20 mm 
dia. bars at top and 4 no. 20 mm dia. bars at bottom. Find 
out the moment of resistance of the beam. If this beam is 
subjected to a moment of 72 kNm, find the stresses in 
concrete and steel. The materials are M20 grade concrete - 
and tor stcel reinforcement of grade Fe 415. 


A rectangular beam of size 230 mm wide X 610 mm 
effective depth is reinforced with 2 no. 20 mm dia. bars 
at top and 5 no. 20 mm dia. bars at bottom. Find out maxi- 
mum stresses developed in concrete and steel if it is subjected 
to a moment of 120 kNm. The materials are M15 grade 
concrete and mild steel reinforcement. 


A rectangular beam of size 350 mm x 500 mm effective 
depth is reinforced with 3 no. 20 mm dia. bars at top and 
5 no. 20 mm dia. bars at bottom. Find out the moment of 
resistance of the section. The materials are M15 grade 
concrete and tor steel reinforcement of grade Fe 415. 


A rectangular beam of size 230 mm width x 565 mm 
effective depth is subjected to a negative bending moment 
(tension at top) of 95 kNm. Find the reinforcements. 
The materials are M15 grade concrete and mild steel 
reinforcement. Use design aids. 


A tee beam with rib width 230 mm, flange width of 1200. 
mm, thickness of flange 75 mm and effective depth of 460 
mm is reinforced with 4 no. 16 mm dia. bars in tension. 
Find out the depth of neutral axis. The materials are 
M15 grade concrete and mild steel reinforcement. Also 
determine whether the beam is under-reinforced or over- 
reinforced. 


A tee beam with rib width of 300 mm, flange width of 
1650 mm, thickness of flange 100 mm and effective depth 
of 365 mm is reinforced with 4 no. 20 mm dia. bars in ` 
tension. Find out the position of neutral axis and state 
the type of beam. The materials are M15 grade concrete 
and tor steel reinforcement of grade Fe 415. 


Solve the above Example (22), if now the beam is 
reinforced with 4 no. 25 mm dia. bars. 
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(24) A tee beam with rib width 350 mm, flange width of 1700 
mm, thickness of flange 100 mm and effective depth of 
410 mm is reinforced with 4 no. 20 mm dia. bars in tension. 
Find out the moment of resistance of the section. Also, 
find out the M.R. if it is reinforced with 5 no. 25 mm 
dia. bars. "The materials are M15 grade concrete and tor 
steel reinforcement of grade Fe 415. 


(25) A tee beam with rib width 300 mm, flange width 1650 mm, 
thickness of flange 100 mm and effective depth of 460 mm 
is reinforced with 4 no. 25 mm dia. bars in tension. Find 
out the maximum stresses in materials if it is subjected to a 
bending moment of 180 kNm. The materials are M15 
grade concrete and tor steel reinforcement of grade Fe 415. 


(26) An isolated 7 beam has an actual width of 1500 mm and 

: web width of 350 mm. Thickness of flange is 120 mm 

and overall depth is 600 mm. The span of beam is 5 m 

and carries a uniformly distributed load inclusive of 

self weight of 20 kN/m. Find the steel area required. 

. The materials are M15 grade concrete and mild steel 
reinforcement. 


(27) A L beam of a concrete floor is loaded with 22 kN/m load 
inclusive of self weight. The beams are spaced at 3:2 m 
centres. ‘The span of beam is 6 m and simply supported. 
Thickness of flange is 115 mm. Design the beam for 
flexure. The materials are M15 grade concrete and mild 
steel reinforcement. 


(28) An isolated 7 beam of a combined footing has an actual 
width of flange 1800 mm and web width of 500 mm. Thick- 
ness of flange is 300 mm and the span of beam is 4:2 m. 
The slab is at bottom of the beam and the loadings are 
upwards. The net soil pressure on beam is 160 kN/m. 
Design the beam for flexure. The materials are M15 
grade concrete and tor steel reinforcement of grade Fe 415. 


(29) An isolated L beam of a foot-bridge has actual flange width 
of 900 mm, rib width of 250 mm, depth of slab 120 mm and 
overall depth of 500 mm is subjected to a load of 8 kN/m 
inclusive of self weight. The span of the beam is 6 m and 
simply supported. Desig? the reinforcement for flexure: 
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3-1. Shear in homogeneous beam: Shear in a 
beam is induced due to the change of bending moment 
along the span. For homogeneous beams, the shear stress 
distribution is given by the well-known formula, 

t= 2 where referring fig. 3-1, it is required to 

“Xx 
find out shear stress at level xx, 


F = Shear force at the section 


`Á = Area outside the section where the shear stress 1S 


required = bc e 

y. = Distance from the centroid of A to the centre of 
: 1 

the section = 9 


(D — c) 


Ix» = Moment of inertia of beam = 5 bD* 


b — breadth of the section 
D = depth of the section 


rA 


T max 


(a) Beam (b) Section A-A (c) Shear stress 
distribution 
Shear in homogeneous beam | 
Fic. 3-1 
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. For a rectangular homogeneous beam, the shear stress 
distribution is parabolic. The maximum shear stress is 
at centre and is given by, 

ae SV 

max — 9 bd 

3-2. Shear in reinforced concrete beams — Elastic 
theory: Consider a short length 8x of an R.C.C. beam as 
shown in fig. 3-2. Let M and V be the moment and shear 
at section 1-1 and M + eM and V+ šV be the moment 
and shear at section 2-2. 

Taking the moment of forces about side 2-2, 

wx" : EC 

M + V.šx — ore M--s8M=0 as section is in 
equilibrium. 

wor? . : 

nop very small quantity and can be neglected. 

Vàx — 8M — 0 Or Vsx = 8M. 

Now moment of resistance with respect to compression 

= $C.z where z is lever arm; 
and moment of resistance with respect to tension 
Sg Z 
for the balanced section 8C.z= 87. z. 
Now external moment = internal moment of resistance 


sM = ST. z= 8C.z= V7. $x 


Vox 
SO URE a d BS ens ee (3-1) 
& g 


These longitudinal forces induce horizontal shear stresses 
which can be given as follows: 


At neutral axis, 


shear stress = LY 


n 
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Now z = jd = lever arm ` 


y ! 

Z= —— . ,. Sas s s sa s. s s q e as I HUE DD Eu E š. 3-2a 

T7 Gd em) 

The shear stress distribution in R.C.C. beam is zero 

at top and parabolic upto neutral axis. At neutral axis 
the value is maximum and is equal to V/bjd. 


Below the neutral axis as concrete is considered ineffective 
in tension, the change in the longitudinal forces remains 
constant and is equal to $C or $T. 


$T — Vix V 
= ——= — DOE S UE -2b 
Shear stress Wm bane Wu (3-26) 
At c.g. of bars the compressive forces causing shear (8C) 
are neutralised by equal and opposite force èT and hence, 
shear stress drops to zero. The shear distribution is shown 
in fig. 3-2(d). 


K— b—» Ie Áx > k- t—» 
C C+6C 
V v|+ ðv | 
s | Ja 
M +ÓM | 
| em T+óT 
(a) Section (b) Short (c) Forces (d) Shear stress 
length ò — on òx distribution 
Shear in R.C.C. beam 
Fic. 3-2 


3-3. Diagonal tension and diagonal compression: 
Consider a small element along the length of the beam. This 
is subjected to the shear stress (t) parallel to four sides and 
the tensile stress (o) along the length of the beam as shown 


in fig. 3-3. 

The jr ur stresses on this plement are given by, 
Oy OF os = 5 EIE V(gy + (T)? and the inclination of principal 
planes is given by, 
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tan 7| = 2 
G 
go uç 
A i 
1 
T < o G 
T 
D " C 


(a) Small element along (b) Free body diagram 
the length of beam 
Forces on small element along the length of beam 
Š Fic. 3-3 


The major principal stress is tensile and is equal to 
V 
g, = 5+ V(g) -- (T)? and is known as diagonal tension. The 


minor principal stress is compressive and is equal to 
G 


2- 
gg = E — (3) + (T)? and is known as diagonal compression. 


Two important cases are discussed below: 


(1) If B.M. = 0 iie. c = 0 then, 
01 = T and G. = — T 
tan 20 — œ and 0 = 45? or 135°. 


This means that near the support for a simply supported 
beam, where B.M. is zero, the principal tension is equal to 
shear stress and is inclined at 45°. This is known as diagonal 
tension. As the concrete is weak is tension, the concrete 
near the support cracks àt 45° with horizontal (i.e. perpendi- 
cular to diagonal tension) as shown m fig. 3-4(a). These 
are known as shear cracks. To avoid the shear cracks, the 
beam should be reinforced across the cracks (i.e. along the 
principal tension) and is explained in art. 3-6. : 

The other principal stress is inclined at 135° and is 
compressive. This is known as diagonal compression and is 
of the same value as the shear stress. The concrete 1s.strong 
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in compression and for usual cases it is below the permissible 
value. However, if the shear stress is very high, precautions 
to avoid the diagonal compression failure also have to be 
taken. This is explained in art. 3-5. 


The diagonal tension and compression near the support 
are shown in fig. 3-4(b). The shear cracks are shown in 
fig. 3-4(a). 


(a) Shear cracks in (b) Small element 
R.C.C. beam near support 


Fic. 3-4 


(2 When B.M. is maximum at mid-span of a simply 
supported beam, 


t—0 and 0=0. 


This means that principal tension acts in horizontal 
direction and shear cracks will be vertical as shown in 
fig. 3-4(a). 

- 3-4. Limit state theory: Equation 3-2 for shear 
stress is derived using elastic theory. In this derivation the 
resistance to shear provided by reinforcement was ignored. 
In limit state theory this is considered. The mechanics of 
shear transfer when concrete cracks due to shear is illustrated 
in fig. 3-5. The shear is resisted by: 


(1) Above neutral axis the shear resistance is provided 
by the uniform shear stress in uncracked concrete. ` 


(2) Along the crack, the shear resistance is provided 


by the vertical component of force due to the interlocking 
of aggregates. 
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(3) At the tensile reinforcements, shear is resisted by 
the. dowel action of the longitudinal bar. 


. The behaviour of concrete is thus complicated and the 
shear stress is found out in limit state theory by a simple 
formula similar to that of elastic theory where t, is defined as 
nominal shear stress. 


(a) Uniform shear stress 
(b) Aggregate interlock 
(c) Dowel action 


Shear resistance of a cracked beam 
Fic. 3-5 


V 
Then = — 
w= a 
where 
Ty = nominal shear stress 
V = design shear 


b = width of section. In the case of flanged beam, 
it is a width of nb 


d = effective depth. 

3-5. Permissible shear stresses: Even in elastic 
theory, according to IS : 456, the shear stress is found out by 
eq. (3-3) i.e. limit state behaviours are adopted. The 
permissible shear stresses are given in table 17 of IS : 456 
and are reproduced. in table 3-1. 


The close observation of table 3-1 shows that the 
perimissible shear stress t, in concrete depends on the 
percentage of tension steel. This is because: 
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(1) When amount of tension stee] increases, the depth 
of neutral axis increases and thus, the depth of uncracked 
concrete increases. This increases the capacity of concrete 
in shear. 


(2) When amount of tension steel increases, the cracks 
formed are smaller, which improves the aggregate interlock. 
Also because of larger steel area the dowel action is improved. 
This improves the capacity of section in shear. 


TABLE 3-1 
PERMISSIBLE SHEAR STRESS IN CONCRETE 


Be eee 


1004; Permissible shear stress in concrete, Te, N/mm? . 
bd š Grade of concrete 

M15 M20 M25 M30 M35 M40 
(1) (2) (3) (4) (5) (6) (7) 
0-25 0-22 0:22 0:23 0:23 0-23 0-23 
0-50 0-29 0-30 0:31 0:31 0:31 0:32 
0:75 0:34 0:35 0:36 0:37 0:37 0:38 
1:00 0-37 0:39 0-40 0-41 0:42 0:42 
1:25 0:40 0:42 0:44 0:45 0-45 0:46 
1:50 0:42 0:45 0-46 0:48 0-49 0-49 
1:75 0-44 0:47 049 . 0:50 0:52 0-52 
2-00 0:44 0-49 0:51 0-53 0:54 ` 0°55 
2:25 0:44 0:51 0-53 0:55 0:56 0:57 
2-50 0:44 0:51 0-55 0:57 0:58 0-60 
2:75 0-44 0:51 0-56 0:58 0:60 ' 0:62 
3-00 and above 0:44 0:51 0:57 0:60 0:62 0:63 


IMMUNE r mscsu.D5 —  DRmQ-n.1 


Note: As is that area of longitudinal tension reinforcement which continues 
at least one effective depth beyond the section being considered except at supports 
where the full area of tension reinforcement may be used provided the detailing 
conforms code requirements. 


When the longitudinal bars are not required to resist 
moment, they are usually curtailed or bent up. If the 
bars are curtailed, at the point of curtailment, this creates 
complicated stresses which reduce the shear capacity of the 
section. Therefore using table 3-1, any longitudinal bars 
which are terminated within a distance ‘d’ of the section 
under consideration, shall not be considered for calculation 
of 100 A,/bd. This is the reason of the foot-note of table 3-1. 
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If the nominal shear stress does not exceed the value of 

T, found from table 3-1, the section is safe for shear and shear 
reinforcements are not required theoretically. However, 
some minimum shear reinforcements have to be provided as 
discussed in art. 3-7. . If the nominal shear stress excceds 
the permissible shear stress t, the section shall be suitably. 
reinforced with shear reinforcements. This is explained in 
.art. 3-6. Note that shear reinforcements are provided 
against diagonal tension. As the concrete is strong in 
compression, generally a beam is safe for diagonal compression. 
However, for any beam, suitably reinforced against diagonal 
tension, the nominal shear shall not exceed the values given 
in table 18 of IS: 456 and reproduced in table 3-2. By this 
provision’ the failure of the beam by diagonal compression 
is prevented. For any section if nominal shear stress exceeds 
the maximum permissible value, the section shall be redesigned 
either using higher concrete mix or providing more depth. 


TABLE 3-2 
MAXIMUM SHEAR STRESS, Te max, N/mm? 


a Ee l l i L a ii: 
Concrete 


grade M15 M20 M25 M30 M35 : M40 
Tc max; 
N/mm? 1-6 1-8 1-9 2-2 2:3 - 25 


LIMIT 


3.6. Shear reinforcements in beams: As shown 
earlier, because of the shear stresses, there are cracks in 
concrete perpendicular to the diagonal tension. Therefore 
a beam shall be suitably reinforced along the diagonal tension 
i.e. across the crack. This can be achieved by using vertical 
stirrups or inclined bent bars crossing the cracks. According 
to IS: 456, the shear reinforcements shall be designed to carry 


the shear equal to 
V — Te bd, 


where 
V — shear force due to design loads 

t,bd = shear resistance of concrete without shear 

reinforcement. 
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(a) Vertical stirrups: Stirrups are the commonly used 
shear reinforcements. Applied shear does not produce any 
stress in the shear reinforcement unless the concrete is cracked 
in diagonal tension. When the concrete starts cracking, any 
shear reinforcement crossing the crack is stressed. This 
means that any shear reinforcement not crossing the crack 
essentially remains unstressed. An R.C.C. beam reinforced 
in shear with vertical stirrups spaced at a distance s, apart 
and crossing a 45° shear crack is shown in fig. 3-6. 


cas dic K— b —4 
r1 
| LJ 
(a) Elevation ` . (b) Section 
Vertical stirrup as shear reinforcement 


Fic. 3-6 


Let 


As = area of legs of stirrups 
Os = permissible tensile stress in shear reinforcement as given 
in table 16 of IS: 456 or table 1-4 of this book, and 


V,= the strength of shear reinforcement. 
Now, 
horizontal length of crack = d — d' ~ d (d' is neglected). 


: ; d i 
Then no. of stirrups crossing the crack = m and shear taken 
U 


; . d 
by the stirrups — cS A,» X Gy. This shall be equal to the 
š : 


required strength of shear reinforcement. 


os V; = z x Asi X Osy 
Sv 
or V; = Oat As Gare aby aoa OR be ba Peeters (3-4) 


$, 
This formula is given in IS: 456. 
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The stirrups are usually two-legged. However  four- 
legged, six-legged etc. stirrups also can be formed as shown 
in fig. 3-7. More than two-legged stirrups are used for heavy 
shear. "Unless otherwise specified, stirrups are always 


two-legged. 


(a) Two-legged (b) Four-legged (c) Six-legged 
stirrup stirrup stirrup 
: Types of stirrups 
Fic. 3-7 


(b) Inclined stirrups: A series of inclined stirrups near 
the support crossing a 45° crack is shown in fig. 3-8. If A, is 
the area of inclined stirrup and o,, is the permissible tensile 
stress in the shear reinforcements, the tensile force in a bar or 
pair of bars 


_ i 
(d— d°) (I + cote) 
Inclined stirrups as shear reinforcement 
Fic. 3-8- 


No. of inclined stirrups crossing the crack 
(d —d’) (1 + cota) 
= Paes = a ene 
(1 + cota) d 
= ES ass 
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Tension in bar 
(1 + cota) d 
a = | 
Component of this force effective in shear 
(I4 cote) d 


* Osy xe . sin c. 
Sy 


This shall be equal to V,, the strength of the stirrups 
required. 


Mog X Ag: 


Thus for a series of inclined stirrups, 
Osy Asy sina (1 + cota) d 
oe OMERCEE 

Osv A, d 


V; = ————— (sina -+ cosz).................. i . (3-5) 


Sy 


. Vs = 


For a single bar or a group of bars, all bent up at the same 
section, 


V; = Oy ` Aw sing CnC O OA OOA O TA OEO EOS OR AORTO (3-6) 
The formulae 3-5 and 3-6 are the same as given in IS: 456. 


The bent bars alone are not satisfactory for the shear 
reinforcements. This is because the exact behaviour of bent 
bars in resisting shear is not clearly understood. Also the 
bent bars do not, resist the reversal of shear force. IS : 456 
states that when bent bars are provided, their contribution 
towards shear resistance shall not be more than half of the 
total shear reinforcement. The remaining shear shall be 
taken by stirrups. 


3-7. Practical considerations: 


(a) Distance of first bent from support: Usually the bars 
are bent at 45° or 60° to the longitudinal axis of the beam. 
In this book, unless specified, a bent up bar means that it 
is bent at 45°. The minimum and maximum limit of the 
horizontal distance of a bent bar is shown in fig. 3-9. Note 
that if a bar is bent at a distance from the support, less than 
d, the bent will enter the support and this is not practical. 
Therefore the first bent, if its contribution to shear at the 
support, is to be counted, should start at a distance from 
support between d and 2d. Value.of d' is neglected. 
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It is shown in art. 3-13 that the bent bar shall be 
anchored in compression zone for a length equal to develop- 
ment length of the bent bar. The anchorage is shown in 
fig. 3-9. Thus, a bar shall be bent such that it satisfies this 
criteria also. 


B Anchorage 


Limits of distance of first bent from support 
| Fic. 3-9 


.. Design engineer may choose this value satisfactory to him. 
One such method is-to bent the first bar at a distance equal 
to 1-25 D from the face of the support where D is the overall 
depth of the beam. The use of overall depth is made to 
simplify the calculations and to have a uniformity for number 
' of beams designed in one particular job. 


Note that if a second bar or a group of bars is to be bent, 
this shall have to start at a. distance d or less than d from the 
first bent bar as restricted by the code and is explained below. 
However, for the practical purposes distance d may be 
approximated to overall depth D. 


(b) Maximum spacing: The shear reinforcements are 
provided to prevent the. shear cracks in the beam. The 
horizontal distance between two successive cracks is approxi- 
mately equal to the effective depth ‘d’. A stirrup shall be 
provided such that it crosses the crack and also no crack 
shall remain unreinforced. To ensure this it is stated in 
clause no. 25.5.1.5 of IS: 456 that, “the maximum spacing 
of shear reinforcement measured along the axis of the member 
shall not exceed 0:754 for vertical stirrups and ‘d’ for inclined 
stirrups at 45° where d is the effective depth of the section 


under consideration. In no case shall the spacing exceed 
450 mm". E 
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(c) Minimum shear reinforcement: Minimum shear 
reinforcement in the form of vertical stirrups shall be provided 
such that 


A, . 04 

b. f 

where A,, = total cross-sectional area of stirrup legs 
effective in shear 


Sy = stirrup spacing along the length of the member 
in mm 

6 = width of the ‘beam or width of rib of flanged 
beam 


Jy = characteristic strength of the stirrup rein- 
forcement in N/mm? which shall not be taken 
greater than 415 N/mm*. 


* 


However, in the members of minor structural importance 
such as lintels or where the maximum shear stress is less 
than half the permissible value, this provision need not be 
complied with. 


3-8. Use of design ats: 


(a) Vertical stirrups: For vertical stirrups, 


a= Osv ` Asp ` d 
Sy 

Mes. Os, * Ás 

d Sy 


For a given bar type and diameter the value of os, Ay 


is constant. Therefore a graph of a against s, can be drawn 


or for different values of - the spacing s, can be tabulated. 


This is done in table 3-3 for two-legged stirrups. 
(b) Inclined stirrups: In practice a series of bent bars 
is rarely used. For a single bent bar, 
p, = Gç ° Asv x sin«. 
For different bars and for « = 45° and < = 60°, values 
of V; are tabulated in table 82 of SP: 16 for ready reference. 


- 
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(c) Minimum shear reinforcements: A close study of 
formula given by code shows that minimum shear reinforce- 
ments depend solely on the width of the beam. For different 
bars normally used as shear reinforcements and for different : 
width of beams generally used in practice the maximum 
spacing of two-legged stirrups is tabulated in table 3-4. 


TABLE 3-4 
MINIMUM SHEAR REINFORCEMENTS we PESCE 


Bar | Bean Maximum spacing in mm for two OF] stirrups 


m width 150 175 200 230 250 300 350 400 450 


6 4 230 200 175 150 140 115 100 85 75 
8 à 415 350 300 270 250 ` 200 175 150 135 ` 
10 4 450 450 450 425 395 325 280 240 210 


8 ¢ 450 450 450 450 415 345 295 250 230 


Note: (a) Value of sy in this table is rounded off to 5 mm. 
(b) In any case sy} 0-75 d or syp 450 mm. 


Example 3-1. 

A simply supported tee beam 230 mm wide x 460 mm effective 
depth is reinforced with 5 no. 16 mm diameter bars as tension rein- 
forcement. The beam is subjected to a shear of 35 EN at support. 
Check the shear stresses and design the shear reinforcement at support. 
The materials are M15 grade concrete and mild steel reinforcement. 


Solution: 
At support V'= 35 kN 
. 44, = 5 x 201 = 1005 mm?, b = 230 mm, 
d = 460 mm. 
35 x 103 
230 x 460 ^ 0:33 N/mm*. 
1004, — 100 x 1005 
bd = 930 x 460 : 
Note that A, denotes steel area at maximum bending 
moment while 4, denotes the area of steel which continues 
atleast one effective depth beyond the section being considered 
for checking the shear, 


Shear stress t, — 


= 0:95. 
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T 1004 
For bd * = 0-95 from table 5-1 t, shall be calculated 
by interpolation. 
. 100 A4 
For — j^ = 0:75, t, = 0:34 N/mm?, 
100 A 
and =; "= L0, % = 0:37 N/mm?. 
100 A 0-37 — 0-34 
F 5. 02 ang. — 9 TENOREA 
or -g = 0:95, += 0.34 + pas 095-075) 
— 0-364 N/mm? 


Te = 0:364 N/mm?. 

Now, t, < t, therefore only nominal shear reinforce- 
ment is required. | | 
Select 6 mm diameter M.S. bars for stirrups. 

Ag = 2 x 28 = 56 mm? for two-legged stirrups. 


For minimum shear reinforcement, 


bs, h 
56 0-4 
2305, 2 950 
56 x 250 : 
w < 930 x 04 s, < 152 mm. 


'The spacing shall be lesser of 

(a) 0-75 d — 0-75 x 460 — 345 mm 

(b) 450 mm 

(c) 152 mm as calculated above. 

Provide 6 mm dia. two-legged stirrups about 150 mm c/c. 

Alternatively minimum shear reinforcement may be 

selected from table 3-4. 

Example 3-2. | 
_ If the shear of above section is increased to 60 kN, check ths shear 


` stresses and find the spacing of 6 mm dia. stirrups at the support. 
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Solution: : 
V = 60 kN, b = 230 mm, d = 460 mm. 
60 x 105 
Shear stress Ty = 230 x 460 


= 0-567 N/mm? < 1-6 N/mm? 


where 1:6 N/mm? is the maximum permissible shear stress 
for M15 mix. 


t, = 0:364 N/mm? as calculated in Example 3-1. 
Now, t, > Ta therefore shear reinforcement shall be designed. 
Shear resistance of concrete 
Te bd = 0:364 x 230 x 460 x 107? 
— 38-5 kN. 
Shear to be resisted by stirrups 
| = 60 — 38:5 = 21-5 kN. 
Using 6 mm dia. two-legged stirrups 
A, = 56 mm? 
Ost Aud _ 140 x 56 x 460 
V; 21:5 x 108 
= 167 mm. 
The spacing shall be lesser of 
(a) 0:75 d — 0:75 x 460 = 345 mm 
(b) 450mm 


(c) minimum shear reinforcement required i.e. 152 mm as 
shown in Example 3-1. 


Sy = 


(d) required spacing = 167 mm. 
Provide 6 mm $ two-legged stirrups about 150 mm c/c 


at support. This is shown in fig. 3-10. Use 2-10 $ as 
anchor bars. 


Note: In Example 3-1, t, < t, and minimum, shear 
reinforcement was required. Therefore two-legged stirrups 
of 6 mm dia. about 150 mm c/c were provided. In Example 
3-2, Ty>T, and still designed shear reinforcement are same 
as minimum required. This is because in the first case, the 
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contribution of stirrups was not considered while in second 
case it is considered. ‘The difference between two cases 

is that in the first case Tty<t, and hence, minimum shear 
` reinforcement was provided while in second case T, T, and 
designed. reinforcement (may be equal to but not less than minimum 
required) is provided. 


2.10 $ 


3 460 
5.16 $ 


6 mm $ @ 150 mm c/c LJ 
Fe-230 > 
(a) Elevation (b) Section 
Fic. 3-10 
Example 3-3. 


In Example 3-2, if 2 no. 16 mm dia. bars are bent up at 45" 
and shear is increased to 80 kN, find the spacing of 6 mm dia. 
stirrubs at support. 


Solution: 
2 bars bent up Ay = 2 x 201 = 402 mm*. 
Shear resistance = 402 x 140 sin 45 x 107? kN 
= 39-8 kN. J 
For the remaining 3 bars, 
1004; . 100 x 603 
bd ^ 92930 x 460 
Te = 0:304 N/mm*. 
Shear resistance of concrete, 
x, bd = 0-304 x 230 x 460 x 107? = 32-16 kN. 
Shear resistance to be provided by shear reinforcement 


= 80 — 32-16 = 47-84 kN. 
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Now 2 bent bars can provide a shear of 39:8 kN, however 

` according to IS: 456, “When bent up bars are provided, their 
contribution towards shear resistance shall not be more than 
half that of the total shear reinforcement”. This means, shear 
resistance of bent up bars in’ this case shall not be consi- 


kN ie. 29-92 kN. (Jn some cases, full 


resistance of bent up bars can be used when it is not more than half 
the required shear resistance of tolal shear reinforcement. If suppose 
in this case the shear resistance to be provided by shear reinforcement 
is 85 KN instead of 47-84 kN, then full contribution of shear 
resistance of bent bars may be considered.) 


dered more than 


The shear resistance to be provided by vertical stirrups 
is then, greater of, 


(a) 47-84 — 39-8 = 8-04 KN. 
(b) 4 x 47-84 = 23-92 kN. 
Provide stirrups to resist a shear of 23-92 kN. Using 6 
mm dia. two-legged stirrups, 
Ay = 56 mm’, 
rm 56 x 140 x 460 
23.92 x 103 
— 150-8 mm. 
The spacing shall be lesser of 
(a) 0-75. x 460 = 345 mm 
(b) 450 mm 
(c) 152 mm (minimum shear reinforcement) 
(d) 150-8 mm: (required). 
Provide 6 mm dia. stirrups about 150 mm c/c. 


Note: It is not necessary to write “two-legged stirrups” always. Unless 
specified, the stirrups shall be considered as two-legged. 


The bars are bent up at 1:25D, where 
D = 460 + 40 (assumed cover) = 500 mm 
| ie. 1:25 x 500 = 625 mm. ` 


I 
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The elevation and section of the beam is shown in fig. .3-11. 


ir | 


; | 500 
— 5.16 b 
(3st. -+ 2bent) | 
— 


6 mm @ c 150 mm c/c 


M- 230 — 
(a) Elevation (b) Section 
Fic. 3-11 


Example 3-4. 


A simply supported tee beam of 8m span is carrying a load 
of 25 kN|m. The section of beam is 230 mm wide X 500 mm 
effective depth. It is reinforced with 6 no. -20 mm dia. bars. The 
materials are M15 grade concrete and tor steel reinforcement of grade 
Fe 415. Design the shear reinforcement using vertical stirrups. 


Solution: 
Max. S.F. = 25 X >= 100 kN. 


100 x 10? 
Shear stress T = 530 x 500 ^ 0:87 N/mm? — 1-6 N/mm’. 


100 As _ 100 x 6 x 314 Liu 
bd 230 x 500 
t, = 0:431 N/mm*. 
Shear resistance of concrete 
= 0-431 x 230 x 500 x 10-9 = 49:5 KN. 
Shear resistance to be provided by stirrups 
V, =- 100 — 49:5 = 50-5 kN. 
Using 8 mm ¢ tor steel stirrups Asp = 100 mm*. 
š Oxy" A. d 
u—- V, 
290 x 100 x 500 ° 
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The spacing shall be lesser of 

(a) 0-754 — 075 x 500 = 375 mm ` 

(b) 450 mm 

(c) Ax fy = 100 x 230 
0-4 b 0-4 x 230 

(minimum shear reinforcement) 
(d) 227 mm (required). | 
Provide 8 mm 49 stirrups about 225 mm c/c. 


— 250 mm 


To find zone of minimum shear reinforcement: 


Shear resistance of concrete = 49-5 kN. Referring 
fig. 3-12(b), central portion AB, is having a shear force 
less than 49:5 kN and in this portion, theoretically no shear 
reinforcement is required. However minimum shear rein- 
forcement as required by code shall be provided in portion 
AB. "This is 8 mm 4 about 250 c/c'for this case. Zone AB may 
be called as zone of minimum shear reinforcement. 


Just left to point A (or right to point B) towards the. 
support, the shear stress exceeds t, and shear reinforcement 
shall be designed. Here now resistance of shear reinforcement 
is considered and upto certain distance 8 mm d$ about 250 
c/c stirrups are sufficient. Let us find out this distance. 


Shear resistance provided by minimum shear reinfor- 
cement 
y. = I Ace d =; 230 x 100 x 500 
3 Sy 250 
= 46 kN. 
Shear resistance of. concrete = 49:5 kN. 


Total shear resistance of section with minimum shear 
reinforcement 


x 10-3 


= 46 + 49:5 = 95:5 kN. 
Distance from supports of a section with a shear of 
100 — 95:5 
Thus in zone PQ designed stirrups are that minimum 
required. Therefore, stirrups designed at support shall be 
provided in zone RP or SQ. 
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Provide 8 mm 6 stirrups about 225 c/c upto 450 ‘mm. 
Then provide 8 mm 4 stirrups about 250 c/c being minimum 
shear reinforcements. 450 mm distance is used to have 
atleast 3 stirrups to create sufficient difference between two 


kinds of stirrups. 
Beam loading, S.F. diagram, beam elevation and section 
` are shown in fig. 3-12. 


25kN/m £214 zzz 
> ° » sg nn 29 
BS 2a > 
100 kN 100 kN AEES S | 
K 8 m—ə — ->i k- 180 
x—» 2020 
(a) Loading diagram (b) S.F. diagram 
Anchor bars 3109 
500 
=] no. 3 rest 
ALSP_]225 cic 250 cic k 230-4 


(d) Beam section 


(c) Beam elevation 


Fic. 3-12 


Example 3-5. 


The shear force diagram and section properties of a beam is 
shown in fig. 3-13. Design the shear reinforcement. The materials 
are M15 grade concrete and tor steel reinforcement of grade Fe 415. 


At support, V = 90 kN. 


90 x 108 | 
= - = 1-125 N mm? 
To = 900 x 400 | 
< 1-6 N/mm. ° eeecsesee#e (O.K.) 
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At support 4, —4 x 314 = 1256 mm? & 
| 100 4, 100 x 1256 
" bd ~ 200 x 400 

Te = 0:425 N/mim?. 


30 kN/m 


—]:57 


9OkN 
QOkN 


k———6 m — y 


(a) Loading diagram (b) S.F diagram 
210 œ% 2.10 $ 


MK—————— (M st. + 2 bent) 
k— n — 6000 ——>> 


(c) Beam elevation (d) Beam section 


Fic. 3-13 | À 


Shear resistance of concrete 
= 0-425 x 200 x 400 x 10- = 34 kN. 


Shear resistance of 2-20 $ bars ` 
= 2 X 314 x 230 x 0-707 x :10-3 = 102 KN. 


Shear resistance to be provided by shear reinforcement 
= 90 — 34 = 56 kN. 
Bent bars provide 50% = 28 KN < 102 kN........ (O.K.) 
Stirrups provide 50% = 28.kN. | | 
Using 8 mm Q stirrups, 4,, = 100 mm*?. 
„m Awd _ 230 x 100 x400 
E V, 38x10? 


Note: ( is used to denote tor steel diameter. The notation consists the letters T, 
O and R. : 


= 328 mm. 
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The spacing shall be lesser of 
(a) 0:75 d=0-75 x 400 = 300 mm 
(b) 450 mm 
(c) required 328 mm 
(d) Ay fy _ 100 x 230 
045 — 04 x 200 
Provide 8 mm § two-legged stirrups about 280 c/c. Thus 
minimum shear reinforcement is required. (While using SI 
units in drawing, it is customary to drop word mm. Thus 
980 c/c means 280 mm c/c. In structural drawing a note 
for this is written as “All dimensions are in mm?".) 
Now shear resistance provided by minimum shear 
reinforcement 
_ Sw Ag: d _ 230 x 100 x 400. 19-3 _ 32-86 KN. 


= 287:5 mm. 


Sy 280 
Total resistance of concrete with minimum shear 
reinforcement 
= 94 + 32-86 = 66-86 kN. 
Referring to S.F. diagram of fig. 3-14, upto 771 mm, 
the shear reinforcement more than minimum is required. 
90 kN 
73.2kN 
66:86 kN 


90kN 


560 
1e77] +<— 2229 ——>1 
— 3000——— 
S.F. diagram 
Fic. 3-14 


Upto 560 mm from support, the contribution of bent 
bars is available and minimum shear reinforcements were 
proved sufficient. However at point B, there is a necessity 
of designing shear reinforcements. | 

At point B, S.F. = 90 — 0:56 x 30 = 73-2 KN. 
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At this section there are total six bars, out of which two 
bars are bent at 45°. According to the foot-note of table 5-1 
100 A; 
bd : 
area of continuing bars which continues at least one effective 
depth from the section under consideration. "Therefore at 
100 A, 
bd ' 
Shear resistance of concrete with 4 bars as calculated above 
= 34 kN, shear resistance to be provided by stirrups 
= 73-2 — 34 = 39-2 kN. 

Using 8 @ stirrups, 

_ 230 x 100 x 400 
"7892 x 108 
Now this spacing is required only in the region BC i.c. 

771 — 560 — 211 mm. 


at any section, A, to be used is the 


for calculation of 


point B, only 4 bars will be used for calculating 


— 235 mm. 


Providing less shear reinforcement in portion AB than 
portion BC seems odd in practice. Therefore provide 8 mm $ 
two-legged stirrups about 235 mm c/c in portion AC. No. of 
stirrups required 

— n 

130285 
4 x 285 = 940 mm. Then provide 8 mm (p about 280 mm 
c/c two-legged stirrups being minimum shear reinforcement. 
The beam elevation and section is shown in fig. 3-15. 


2-10 $ 


1-25 (say for a distance equal to 


400 
450 
6-20 p (4 st.+ 2 bent) 
K——— 6000 cic of support —>> I I 

A , 8 - 8 
3E 5 rest I-200»1 
a 235 c/c 280 c/c 

(a) Beam elevation | (b) Section 

Fic. 3-15 
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Example 3-6. 


A rectangular beam is loaded with 40 kN [m inclusive of tts own 
weight. Span of the beam is 6 m and size of the beam 1s 230 mm 
width x 450 mm effective depth. It is reinforced with 4 no. 25 mm 
dia. bars. Design shear reinforcement using stirrups. The materials 
are M15 grade concrete and tor steel reinforcements for main steel. 
Use design tables available. 


Solution: 
Shear force V = 40 x 3 = 120 KN. 
oi 120% 105 ; DE š 
Shear stress = 230 x 450 ^ 1-16 N/mm* «1:6 N/mm*. 
100 A 4 x 491 x 100 | 1-9 
bd  230x450 ` 


T, = 0:44 N/mm. 
Shear resistance of concrete = 0:44 x 230 x 450 x 107° 
= 45-54 kN. 
Shear resistance to be provided by stirrups 
V, = 190 — 45-54 = 74-46 KN. 
V, 37446 x 10? 
a tae ed ER 165-4 N/mm. 


From table 3-3 use 8 mm § two legged stirrups about 
135 c/c where V; = 171-6 (value is interpolated). 


From table 3-4 minimum shear reinforcement for 230 wide 
beam = 6 $ about 150 c/c, - = 59-78 (b= mild steel 
diameter). 

V, = 52:78 x 450 x 10-3 = 23-75 kN. 

Shear capacity of section with minimum shear reinforcements 
= 45-54 + 23-75 = 69-29 kN 


i.e. stirrups more than minimum are required from support 
for a distance equal to 


120 — 69-29 
40 
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1270 
135 


Provide 8 mm (p two-legged stirrups about 135 c/c, 11 no. 
from support and then 6 mm % (mild steel) about 150 oe in 
remaining portion. 


Note that for main steel, tor steel bars are used and for 
secondary steel (here stirrups), tor steel and mild steel are used. 
Different grade of steel for main and secondary reinforcement 
is permitted by clause 25-1 of IS : 456 where it is stated, 


“Reinforcing steel of same type and grade shall be used 
as main reinforcement in a structural member. However, 
simultaneous use of two different types or grades of steel for 
main and secondary reinforcement respectively is permissible”. 


No. of stirrups required = + 1 = 11 (say). 


The reinforcements are shown in fig. 3-16. 


Stirrups 


135 c/c 


(a) Elevation N (b) Section 
Fic. 3-16 


Supplementary notes: 


(1) If the beam is resting on masonary wall, the first 
stirrup may enter the support. However, when the beam 
is resting on column, because of the column bars and ties this 
is not possible. "Therefore the first snp shall be placed 
at the face of support. 


(2) Theoretically speaking, the spacing of stirr 'ups from 
support to centre can be increased continuously. However, 
in practice the portion where more than minimum shear 
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reinforcement required is divided in convenient parts and 
shear reinforcement is designed. This is done if this portion 
is sufficiently large and division leads to an economy. 


(3) In zone of minimum shear reinforcement also, the 
spacing of stirrups can be increased where shear stress is less 
t 
than 2 
DEVELOPMENT. LENGTH 
3.9. Introductory: While analysing and designing 
the reinforced concrete structures, the basic assumption is 
that there is.a perfect bond between concrete and steel i.e. 
there is absolutely no slippage between the concrete and 
steel. The grip of the reinforcement and concrete due to 
adhesion or bearing is termed as bond. A length of reinforce- 
ment embedded in concrete so that it can develop the stress 
by. bond is termed as development length. 


3-10. Development length: Pull out test: To find 


out the development length, consider a pullout test as 
indicated in fig. 3-17. 


Pull out test 
Fic. 3-17 i 

A rod of diameter $ is embedded in concrete. An axial 
pull is applied and increased uniformly. Pull P is noted 
when the bar is pulled out. If diameter is known, the 
failure stress in the bar can be found out. Applying factors 
of safety at working load, the bond resistance of concrete and 
strength of the bar can be equated. The pull out test indicates 
that the maximum stress is induced in the materials where the 
bar enters the concrete and it diminishes to zero at the end 
of the bar. However, for all practical purposes average bond 
resistance is considered. 
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Let Tg = Average permissible bond stress in concrete 
c, — working stress in bar 


b = diameter of bar. 


Then equating bond resistance of concrete — strength 
of bar 


2 
BETIS pix Tq = Gy. = 
I 
Di == repo eruvsiurrimpmiHrgra (3-7) 


where Ly is known as development length. 


3-11. Code provisions: According to IS :456, the 
bond stresses are assumed to be uniform over the effective 
surface area of the bar. ‘Thus, according to clause 25.2 
the calculated tension or compression in any bar at any 
section shall be developed on each side of the section by an 
appropriate development length or end anchorage or by a 
combination thereof, where the development length is 
defined as, 
mU $9; 

—— 4d 


La 
where 
$ = nominal diameter of the bar 


G; = stress in bar at the section considered at design 
load, and 


Tbd = permissible bond stress (average) given in table 15 
of IS : 456 and reproduced in table 3-5. 


TABLE 3-5 
PERMISSIBLE STRESS IN BOND (AVERAGE) FOR PLAIN BARS IN 
TENSION ` 
Grade of : 
Gontrete M10 M15 M20 M25 M30 M35 M40 
Tbd i y : š : š : 
N/mm? — 06 08 09 10 l 12 


Note I: “Ubd shall be increased by 25% for bars in compression. 
Note 2: In case of deformed bars confirming to IS : 1139-1966 and 
IS: 1786-1979, the value of Td shall be increased by 40%. 
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It is also stated in the same clause that development 
length includes the anchorage values of hook in tension 
reinforcements. For bars of section other than circular, the 
development length should be sufficient to develop the stress 
in the bar by bond. 


In. the above discussion, b is defined as the nominal 
diameter of the bar. For the plain bars nominal diameter 
and actual diameter are same. However, for deformed 
bars the area is not same at each cross-section. Then average 
area is considered. Thus, for a particular diameter, say 10 mm 
$ bars, the weight of. M.S. bar per metre and weight of 
deformed bar per metre would be the same. This average area 
of deformed bar is considered in design and corresponding 
diameter is known as nominal diameter. 


Note 1 of table 3-5 states that for bars in compression 
thq shall be increased by 25%. This is because the end 
bearing of the bar helps in resisting compression and hence, 
the allowable bond stresses are increased. 


Note 2 of table 3-5 states that for deformed bars Tą shall 
be increased by 40%. For deformed bars, the actual contact 
area of a bar with concrete is taken into account which is 
much more than contact area based on nominal diameter. 
This results in increase of permissible bond stress by 40%. 


3-12. Use of bundled bars: The use of bundled bars ` 
is permitted by the standard. Using bundled bars, concrete 
can be compacted properly and also the large area of reinforce- 
ment can be made to concentrate at a point resulting in the 
increase of effective depth. According to clause 25.1.1 of 
IS :456, “Bars may be arranged singly or in pairs in contact, 
or in groups of three or four bars bundled in contact. Bundles 
shall not be used in a member without stirrups. Bundled 
bars shall be tied together to ensure the bars remaining 
together. Bars larger than 36 mm diameter shall not be 
bundled except in columns”. The bundled bars are 


illustrated in fig. 3-18. 


The effective perimeter of a single bar in bond is its 
actual perimeter 7 >. When the bars are bundled, effective 
perimeter having a bond with concrete is decreased. This 
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is shown in fig. 3-19. Thus, total effective perimeter for a : 
group of bars is less than the sum of perimeters of individual 
bars. Therefore it is stated in clause 25.2.1.2 of IS :456 that, 
“The development length of each bar of bundled bars shall 
be that for the individual bar, increased by 10% for two 
bars in contact, 20% for three bars in contact and 3396 for 
ins bars in contact". 


(a) Two-bars (b) Three bars (c) Four bars 
i in contact In contact in contact 
Bundled bars 
Fic. 3-18 


Uneffective 
perimeter in bond 


Fic. 3-19 


To reduce the effective length of a bar to be anchored, 
hooks and bends are provided. The rules for anchoring the 
bars are given in clause 25.2.2 of IS :456 and are explained 
below. 


3-13. Anchoring reinforcements: The bars are 
anchored in tension, compression or shear as shown below: 


(a) Anchoring bars in tension: 


(1) Deformed bars may be used without end anchorages 
provided development length requirement is satisfied. Hooks 
should be normally provided for plain bars in tension. 

(2) Bends: The anchorage value of bend shall be 
taken as 4 times the diameter of the bars for each 45° bend 
subject to a maximum of 16 times the diameter of the bar. 
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(3) Hooks: The anchorage value of a standard U 
type hook shall be equal to 16 times the diameter of the bar. 
Standard hook and bend are shown in fig. 3-20. 


4@% min. 
— k— | 
4 min 
ko ke 
je i | ° 
< 
(k + 1) $ erie = 
(a) Standard hook (b) Standard 90° bend 
Fic. 3-20 
The value of k is given as follows: 
Type of steel Minimum value of k 
.Mild steel 2 
Cold worked steel 4 


Note: These details are applicable to all grades of steel. 


(b) Anchoring bars in compression: The anchorage length 
of straight bar in compression shall be equal to the develop- 
ment length of bars in compression. The projected length 
of hooks, bends and straight lengths beyond bends if provided 
for bars in compression, shall be considered for development 
length. à; i ; 


Example 3-7. 


Calculate the anchorage length in tension and compression for a 
single mild steel bar of diameter à in concrete of grade M15. 


Solution : 

(1) Tension: 

Design stress for M.S. o; = 9s = 140 N/mm? 
Teg for M15 mix = 0-6 N/mm? 


— ` anchorage length = development length 
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(2) Compression: 
Design stress for M.S. = c, = Oss = 130 N/mm’. 


ci for M15 mix = 0-6 x 1:25 (for compression) 
= 0:75 N/mm? 

o x 130 

——rrnI_YƏ = 43:3 6. 

4 x 075 RS 
This development length calculated for column bars in 

compression may be used for beam bars in compression as 

in doubly reinforced beam. In beam bars in compression 

the stress is limited to o,. Therefore for all practical pur- 

poses, L4 calculated for column bars in compression may be 

used for beam bars in compression. 


. Example 3-8. 


Calculate the anchorage length of a group of three bundled bars 
in contact. and of equal diameter in tension. Concrete grade is M15 
and mild steel reinforcement. 


fo = 


Solution : 
L4- 58:3 ¢ for single bar as shown in Example 3-7. 


For three bars in bundle, the development lengi for 
each bar 

La = 58:3 } x 1-2 = 69-96 $ = 70 $ (say). 

Development length for different types of bars in ` 
different grades of conerete are given in table 3-6. 


TABLE 3-6 
(A) DEVELOPMENT LENGTH FOR SINGLE BAR IN TENSION 
Tensile stress Plain bars Deformed bars 
‘in bar, N/mm? M15 M20 M15 M20 
130 54 $ 41 $ 39 $ 29 $ 
140 58 9 |: 440 42 ¢ 31 6 
190 = — 57 4 42 $ 
230 — — 699 ' . 516 
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(B) DEVELOPMENT LENGTH FOR SINGLE BAR IN COMPRESSION 


Tensile stress Plain bars Deformed bars 

in bar, N/mm* M15 M20 M15 M20 
130 44 $ 33 $ 3106 24 ç 
140 47 $ 35 9 34 9 25 ¢ 
190 — — 46 ¢ 34 $ 


(c) Anchoring bars in shear: 


(1) Inclined bars: The development length shall be 
as for bars in tension, this length shall be measured as under: 


In the tension zone, from the end of the sloping or 
inclined portion of the bar and 


In the compression zone, from the mid-depth of the 
beam. 


(2) Stirrups: For the secondary reinforcements such 
as stirrups and transverse ties in column complete develop- 
ment lengths and anchorage shall be deemed to have been 
provided when the bar is bent through an angle of at least 
90° round a bar of at least its own diameter and is continued 
beyond the end of the curve for a length of at least eight 
diameters or when the bar is bent through an angle of 139 
and is continued beyond the end of the curve for a length of 
at least six diameters or when the bar is bent through an angle 
of 180° and is continued beyond the end of the curve for a 
length of atleast four diameters. The above provisions are 
illustrated in fig. 3-21. 


w 
< 


Anchoring vertical stirrups 
Fic. 3-21 
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Example 3-9. 


Check the anchorage of bent bar.of Ex. 3-5. 2 bars are bent 
about 560 mm from support. In tension zone, sufficient length is 


available. In compression zone, the available anchorage is calculated 
in fig. 3-22. 


50 


380 


| 


Anchor length 

i = 200 + 230 417542 
230>1<— 330 — = 677 nim 
(In. support- assumed) 


Fic. 3-22 


Solution : 


Shear taken by two bent bars — 28 kN. 


š 28 x 103. | š 
Stress in bar = 2x 314 = 44.58 N/mm Š 
o x 44-58 
SUBSP IA Deni 
= 13:26 x 20 = 265 mm. 
Anchorage provided = 677 mm .............. (O.K.) 


In this problem the effect-of 45° bend in compression 
zone is neglected. 


The anchorage of bent bar is thus satisfactory. 


3-14, Bearing stresses at bends: The bearing 
stresses around a bend are to be checked in accordance with 
clause 25.2.2.5 of IS : 456, when a bar or a group of bars is 
bent in a stressed condition.. This is illustrated in fig. 3-23. 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


4 
ki gem Mey m... P M 


`. — 


^ Art..3-14] Shear and Development Length 109 


According to code, “The bearing stress in concrete for 
bends and hooks described in IS : 2502-1963 (standard 
bends and hooks) need not be checked. The bearing stress 
ed a bend in any other bend shall be calculated as given 

elow: 


bearing 


(a) Anchorage of beam (b) Stressed bar carried 
bars in column round a bend : 


Fic. 3-23 


; F. 
Bearing stress = =: where 


Fy, = tensile force due to design loads in a bar or group. 
of bars, | 
r = internal radius of the bend and 
$ = size of the bar, or in bundle, the size of bar of 
equivalent area. 


The bearing stress thus calculated shall not exceed 


Sek 
—— —- where 
1 + 2/a 
fap = Characteristic strength of concrete 
a = centre to centre. distance between bars or group 

of bars perpendicular to the plane of the bend. 
For a bar or group of bars adjacent to the face 
of the member ‘a’ shall be taken as the cover plus 
size of bar ($). 
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Example 3-10. 


A beam fixed to the column requires 742 mm? tor steel reinforce- 
menls of grade Fe 415 for negative moment at face of column. The 
reinforcements are anchored in column as shown in fig. 3-24. Check 
the bearing stress at bend. The concrete is of M20 grade. 


75 7575 
rH 4.16% 


K— 300 — 
(a) Elevation (b) Section 
Fic. 3-24 
Solution : 
As; provided = 4 x 201 = 804 mm? 
+ x 230 742 


£ x 0-8 x 14 ” 804 
= 47:3 d$ = 758 mm. 
Anchorage provided = 200 + 130 + 334 + 130 + 100 


Anchorage required = 


Anchorage provided is sufficient. However bearing 
stress at bend is to be checked. 


From the figure a= 75 mm 


1 + 26/2 


20 s 
= x m 1402 N[mmt. 


ier vs 


allowable bearing stress — Ja 
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At the centre of the upper bend anchorage available 


| 
30 — 265 mm. 


= 200 —— 
200 + 5 
Stress in bar at the face of column 
i 742 
E — R.h = ° 2 
230 x 304 212-26 N/[mm*. 


The stress in the bar varies linearly and diminishes to 
zero at 758 mm (required anchorage) from face of support. 


Stress at the centre of upper bend 


758 — 265 3 
EB: 138-05 N/mm*. 


Tensile force in a bar at centre upper of bend 
Fp, = 901 x 138:05 x 1079 = 27-75 KN. 
y = 75 > = 16 


= 212-26 x 


. bt 
Bearing stress = — 
rd 


š 3 
., 2175 x WO" _ 93.19 N[mmt. 
75 x 16 
75 75 15 
rrei 
4468) 
248 100 KX— 300 — 


(b) section 


(a) Elevation 


Fic. 3-25 


The arrangement is thus not satisfactory; provide a new 


arrangement as shown in fig. 3-25. 
Now anchorage required.— 758 mm 
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anchorage provided = 200 + 248 + 184 + 248 + 100 
= 980 mm 
and allowable bearing stress = 14-02 N/mm?. l 
At centre of upper bend anchorage available ` 
= 200 + = = 594 mm 


Stress in bar at face óf column 
742 


= —— = . 2 
230 x 804 212-26 N/mm. 
Stress in bar at centre of upper bend 
758 — 324 


= .96 = 191: 2 
758 x 212:26 = 121-53 N/mm. 


Tensile force in a bar at centre of upper bend 
Fy, = 201 x 121-53 x 1073 = 24-43 kN © 
r= 150 q = 16 


24-43 x 108 
Then bearing stress = 50 x 16 


= 10-17 N/mm? < 14-02 N/mm*. 


The arrangement is now satisfactory. The stresses at 
lower bend will be much less and need not be checked. 


3-15. Reinforcement splicing: The requirements of 
reinforcement splices are set out in clause 25.2.5 of IS : 456. 
Where splices are provided in the reinforcing bars, they shall 
as far as possible be, away from the sections of maximum 
stress and be staggered. It is recommended that splices in 
flexural members should not be at sections where the bending 
moment is more than 5094 of the moment of resistance, and 
not more than half the bars shall be spliced at a section. 


Where more than one-half of the bars are spliced at a 
section or where splices are made at points of maximum 
stress, special precautions shall be taken, such as increasing 
the length of lap and/or using spirals or closely spaced stirrups 
around the length of the splice.. ... . 
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For simply supported beam loaded with uniformly 
distributed loads the above requirements are shown in fig. 3-26. 


50% splicing in PA 50% splicing in BQ 


es 


Splicing of reinforcement for 
simply supported beam 
Fic. 3-26 


The splices may be lap splice, welded splice or end 
bearing splice. , 


(a) Lap splices: This is covered in clause 25.2.5.1 
of IS :456 and is explained below: 


(1) Lap splices shall not be used for bars larger than 
36 mm diameter; for larger diameters, bars may be welded 
such that the joint created is of the full strength of the bars 
connected. In cases where welding is not practicable, 
lapping of bars larger than 36 mm may be permitted, in 
which case additional spirals should be provided around the 
lapped bars. Splices in tension members shall be enclosed 
in spirals made of bars not less than 6 mm diameter with 
pitch not more than 100 mm. Hooks shall be provided at 
the ends of bars in tension members. 


(2) Lap splices shall be considered staggered, if the 
centre to centre distance of the splices is not less than 1-3 
times the lap length calculated as shown in (3). 


(8) Lap length including anchorage value of hooks in 
flexural tension shall be Lg, the development length, or 30 $ 
whichever is greater and for direct tension ?L¿ or 30 $ which- 
ever is greater. The straight length of the lap shall not be 
less than 15 or 20 cm. 
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The above requirements are illustrated in fig. 3-27. 


It should be noted and checked whether the above require- 
ments can be satisfied for particular problem. If not, all- four 
bars may not be spliced and only two shall be spliced. These 
are detailing rules and a site engineer must observe these rules 
seriously. Also at least a group leader of the bar benders 
must be sent with the knowledge of such rules. 


š š 
send eo... 


DERI" ^ (b) Section 
EE. c See Lap length >Ly 
Is aa >30 $ 
+15 Ø | 
(c) Lap 


Lap splices for tension bars 
Fic. 3-27 


La (with hook ) 
] ' 4 


21.3L1 


< 


| U7 


(4) The lap length in compression shall be equal to 
the development length in compression. but not less than - 
94. The other requirements are as per tension bars. 


(5) When bars of two different diameters are to be 
spliced, the lap length shall be calculated on the basis of 
diameter of the smaller bar. 


(6) In case of bundled bars, lapped splices of bundled 
bars shall be made by splicing one bar at a time, such individual 
splices within a bundle shall be staggered. 


(b) Welded splices and mechanical connections: The design 
strength of a welded splice or mechanical connection shall 
be taken as equal to 80 per cent of the design strength of the 
- bar for tension splices and 100 per cent of the design strength 
for compression splices.. However, 100 per cent of the design 
strength may be assumed in tension when the spliced area 
forms not more than 20 per cent of the total area of steel at 
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the section and the splices are staggered at least 60 cm from 
each other. 


(c) End bearing splices: End bearing splices shall be 


used only for bars in compression. The ends of the bars 
shall be square cut and concentric hearing is ensured by 
suitable devices: 


(1) 


(2) 


(3) 


(4) 


(5) 


EXAMPLES HI 


A simply supported beam has an overall size 250 mm 
wide x 550 mm depth. The beam is reinforced with 5 no. 
16 mm diameter bars.: The beam is subjected to 42 kN 
shear force at support. Check the shear stresses and design 
the shear reinforcement at support. The materials are M15 
grade concrete and tor steel reinforcement of grade Fe 415. 
(Note: For secondary reinforcement like stirrups, use of 
lower grade steel is permitted.) 


If the shear of the section of Example (1) is increased to 85 
kN and 2 no. 16 mm dia. bars are bent at 675 mm from face 
of the support, design the shear reinforcement at support. 


A simply supported beam has section 230 mm wide X 460 
mm effective depth. It is reinforced with 6 no. 16 mm 
diameter bars. It is subjected to a shear of 120 kN at 
support. Design the shear reinforcement at support if 
(a) all the bars are carried into the support (b) 2 no. 
16 mm dia. bars are curtailed at 500 mm from support and 
(c) 2 no. 16 mm dia. bars are bent at 625 mm from face 
of the support. In all cases, the materials are M15 grade 
concrete and tor steel reinforcement of grade Fe 415. 


A simply supported tee beam of 6 m span is carrying a 
load of 28 kN/m. The section of beam is 230 mm wide X 
460 mm effective depth. Itis reinforced with 5 no. 25 mm 


- dia. bars. Design the beam for shear using (a) only vertical 


stirrups (b) 2 no. 25 mm dia. bars are bent at 625 mm 
from the face of the support. The materials are M15 
grade concrete and mild steel reinforcement. 

Design shear reinforcement in Example (4) using available 
design tables. 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


v dfe NE 


116 Reinforced Concrete ^ [Ch. III 


(6) A doubly reinforced rectangular beam of size 230 mm X 
460 mm effective depth requires as tension reinforcement 
818 mm? area and 213 mm? area as compressive steel. It 
is reinforced with 2 no. 12 mm dia. bars in compression 
and 3 no. 20 mm dia. bars in tension. Calculate the 
development length of bars. The’ materials are grade 
M15 concrete and mild stecl reinforcement. 


(7) Calculate the anchorage length of a group of four bundled 
bars in contact and of equal diameter in tension. The 
materials are grade M20 concrete and tor steel reinforce- 
ment of grade Fe 415. 


(8) Check the anchorage length of bent bar of Example 
(2) above. 


(9) A beam fixed to the column requires 1026 mm? tor steel 
reinforcement of grade Fe 415 for negative moment at 
face of column. It is reinforced with 4 no. 20 mm dia. 
bars. Design and detail suitable anchorage for the reinfor- 
cement. Size of the column is 300 mm x 400 mm and 
size of beam is 300 mm x 600 mm overall depth (refer 
fig. 3-24). Concrete is of M20 grade. 


(10) A simply supported rectangular beam of 5 m span carries a 
U.D.L. of 16 kN/m inclusive of self weight. Width of 
beam is 230 mm. Design the beam for flexure and shear. 
The materials are M15 grade concrete and mild steel 
reinforcement. 


(11) ` A simply supported tee beam of 5 m span carries a U.D.L. of 
90 kN/m inclusive of self weight. Width of web is 230 mm. 
Design the beam for flexure and shear. - The materials 
are M15 grade concrete and tor steel reinforcement of 
grade Fe 415. 


(12) A cantilever rectangular beam of span 2 m is loaded with 
uniformly distributed load of 16 kN/m.inclusive of its self 
« weight. The width of beam is 230 mm and depth is 
restricted to 450 mm. Design the beam for flexure and 
shear. The materials are M15 grade concrete and mild 

steel reinforcement. 
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DEFLECTION 


4-1. Introductory: When a member carries the load, 
it also deflects. According to IS :456, the deflection of a 
structure or part thereof shall not adversely affect the appea- 
rance or efficiency of the structure or finishes or partitions 
apart from the structural considerations. The deflections 
therefore shall be limited to the following: 


(a2) The final deflection due to all loads including the 
effects of temperature, creep and shrinkage and measured 
from the as-cast level of the supports of floors, roofs and all 
other horizontal members, should not normally excced 
span/250. 

(b) The deflection including the effects of temperature, 
creep and shrinkage occurring after erection of partitions 
and the application of finishes (i.e. all dead loads) should 
not normally exceed span/350 or 20 mm whichever is less. 


Two methods are suggested in the clause 22.2.1 of 
IS :456 for checking that deflection is not excessive. These 
are: 

(1) Controlof span/effective depth ratio and is discussed 
in clause 22.2.1 and shall be used for all normal cases. 


(2) For special cases, the deflections may be actually 
calculated as given in appendix B. of IS : 456. 


4-2. Spanjeffective depth ratio: This method is 
based on the calculations of deflection and tests on practical 
beams. This isa semi-empirical method and is covered in 
clause 22.2.1 of IS : 456. Accordingly the basic span/effec- 
tive depth ratio for different support conditions are given 
and shall be modified for (a) amount of tension steel (b) amount 
of compression steel and (c) type of beam. This is discussed 
below. 
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For beams and slabs, the vertical deflection limits may 
generally be assumed to be satisfied provided that the span 


to depth ratios are not greater than the values obtained as 
below. 


(a) Basic values of span to effective depth ratios for 
spans upto 10 m: ` 


cantilever 7 
simply supported 20 
continuous 26 


. These values are based on a rectangular beam with 
one percent tension reinforcement of 410 N/mm? charac- 
teristic strength and they limit the deflection to span/250. 


(b) For spans above 10 m, the values in (a) may be 
multiplied by 10/span in metres, except for cantilever in which 
case deflection calculations should be made. | 


(c) Depending on the area and the type of steel for 
tension reinforcement, the values in (a) or (b) shall be 
modified as per fig. 4-1. 


A close study of fig. 4-1 shows that for a given section, 
if amount of tension reinforcement increases, the permissible 
span/depth ratio decreases. This is because, 


- (1) When the area of steel reinforcement increases, 
the neutral axis shifts towards the tension steel. Thus, the 
area of concrete in compression zone increases which leads 
to a larger deflection due to creep. 


(2) The smaller area of concrete in tension zone reduces 
the stiffness of the beam. 


(d) Depending on the area of compression reinforcement, 
the values of span to depth ratio shall be further modified 
aS per fig. 4-9. i 


A close study of fig. 4-2 shows that when compression 
steel increases, the permissible span/depth ratio increases. 
The reinforcement in compression zone reduces the shrinkage 
and increases the stiffness of the beam. Thus larger area of 
compression steel reduces the deflection. 
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(e) For flanged beams, the values in (a) or (b) shall 
be modified as per fig. 4-3 and the reinforcement percentages 
for use in fig. 4-1 and fig. 4-2 should be based on arca of 
section equal to bsd where b; is the width of flange. 


2.0 
18 
1.6 
1.4 
1.2 
1.0 
0.8 


Modification factor 


0.4 0.8 1.2 1.6 2.0 2.4 28 3.0 


Percentage tension reinforcement 


Modification factor for tension reinforcement 
Fic. 4-] 


As the flange width increases, the concrete in tension 
zone is reduced. This reduces the stiffness of the beam. 
Thus permissible span/depth ratio is reduced by the reduction 
factor. 

Now the allowable span/depth ratio is given by, 


span/d ratio allowable = basic ratio X modification factor 
for tension reinforcement X modi- 
fication factor for compression 
reinforcement X reduction factor 
for flanged beam.......... (4-1) 
The actual span/depth ratio shall be less than or equal 
to the allowable span/d ratio. 
For solid slabs the control of deflection is discussed in 
clause 23.1 of IS : 456 and is discussed in chapter 6. 
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` x 


Modification factor 
É 


0 1,50 1.00 1.50 2.00 
Percentage compression reinforcement 


Modification factor for compression reinforcement 
Fic. 4-2 


0.95 


0.85 


Reduction factor 


0.80 


0.75 


0 0.2 0.4 0.6 0.8 1.00 
Ratio of web width to flange width 
Reduction factors for ratios of span to 


effective depth for flanged beams 


Fic. 4.3 ; - 
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Example 4-1. 


The beam of Ex. 2-2 is shown in fig. 4-4. If the span of this 
beam 1s 6 m, check the deflection of the beam using rules discussed 


above. The materials are M15 grade concrete and mild steel 
reinforcement. 


K230> 
| 2.16 4 top 
| | 400 
k— 6m c/c: ———>| i 1 3-20 bottom 
(a) Beam (b) Section 


Fic. 4-4 


Solution: 


For simply supported beam, basic span/d ratio = 20 
3 x 314 x 100 


per cent tension steel = 230 x 400 1:02. 
Modification factor = 1-4: 
is | 2 x 201 x 100 d os 
per cent compression steel — ARCU LUE CA = 0-44. .. 


230 x 400 
Modification factor = 1-13 

then permissible span/d ratio = 20 x 1:4 x 1:13 = 31-64. 

6000 

400 


The beam is satisfactory for deflection. 


Actual span/d ratio — = 15 < 31:64. 


4-3. Deflection calculations: If the calculations for 
deflection are to be made, they shall be done in accordance 
with appendix B of IS :456. This is considered outside the 
scope of this book. However, for further studies IS : 456 
and SP-16 may be referred. 
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CRACKING 


4-4, Introductory: The limit state of serviceability 
is discussed in clause 34.3.2 of IS : 456. For working stress 
method also the same rules are adopted. It is stated, 


"Cracking of concrete should not adversely affect the 
appearance or durability of the structure, the acceptable 
limits of cracking would vary with the type of structure and 
environment. The actual widths of cracks will vary between 
wide limits and the prediction of absolute maximum width 
is not possible". 


As a guide, the following may be regarded as reasonable 
limits. The surface width of crack should not in general, 
exceed 0:3 mm. For particularly aggressive environment 
such as severe exposure, the assessed surface width of cracks 
at points nearest to the main reinforcement should not in 
general, exceed 0-004 times the nominal cover to the main 
reinforcement. 


The possibility of some cracks being wider may be taken 
into account, if necessary. 


To ensure that the crack width is not excessive, any of 
the two methods given below may be considered. 


(a) Bar spacing controls: “The rules of maximumspacing 
for bars in tension is given in clause 25.3 of IS : 456. This 
shall.be used in all normal cases. 


(b) Crack width calculations: Where it is required to 
calculate the crack width, the crack width calculations may 
be made by any available methods. The calculation of 
crack width is considered outside the scope of this book and 
reference may be made to CP : 110 (The structural use of 
concrete, The British Standards Institution.) 


4-5. Bar spacing controls: This is covered in clause 
25.3 of IS : 456 and is discussed below. 


The diameter of a round bar shall beits nominal diameter, 
and in the case of bars which are not round or in case of 
deformed bars, the diameter shall be taken as the diameter of 
a circle giving an equivalent effective area. Where spacing 


limitations and minimum concrete cover are based on bar 
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diameter, a group of bars bundled in contact shall be treated 
as a single bar of diameter derived from the total equivalent 
area. For example, the effectiye diameter of a group of 4 no. 
20 mm diameter bars can be given as: 


Tp" Te a 
1 x z (20) 
or o = 40 mm. 


For bar spacing controls it is stated, that unless the cal- 
culation of crack widths shows that a greater spacing is accep- 
table, the following rules shall be applied to flexural members 
in normal internal or external conditions of exposure. 


(a) Beams: (1) The horizontal distance between 
parallel main reinforcement bars, or groups, near the tension 
face of a beam shall not be greater than the values given in 
table 10 of IS :456 and reproduced in table 4-1 depending 
on the amount of redistribution carried out in analysis and 
the characteristic strength of the reinforcement. 


TABLE 4-1 
CLEAR DISTANCE BETWEEN BARS 


Percentage redistribution To or From section considered 
Sy — 30 — 15 0 + 15 + 30 


CLEAR DISTANCE BETWEEN BARS 


N/mm? mm mm mm mm mm 


250 215 260 300 300 300 
415 125 155 180 210 235 
500 105 130 150 175 195 


A close study of the above table shows that 


(a) Smaller clear distance are required for high grade 
steel because the stresses and hence, the strains are higher. 


(b) The analysis of cracking is based on elastic analysis 
i.e. with zero per cent redistribution of moment. Therefore, 
the permissible clear distances are decreased or increased if 
the percentage redistribution of moment at the section is 
increased or decreased. 
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(c) The table is applicable for redistribution’ of moments 
upto 30 per cent. The allowable redistribution of moments 
in elastic theory is 15 per cent and in limit state theory it 
is 30 per cent subjected to some checks. To understand 
redistribution of moments refer art. 5-15 of this book. 


(2) Where the depth of the web in a beam exceeds 750 
mm, side face reinforcement shall be provided along the two 
faces. "The total area of such reinforcement shall not be less 
than 0-1 per cent of web area and shall be distributed equally 
on two faces at a spacing not exceeding 300 mm or web 
thickness whichever is less. ' 


(b) Slabs: (1) The horizontal distance between parallel 
main reinforcement bars shall not be more than three times 
the effective depth of a solid slab or 450 mm whichever is 
smaller. 


(2) The horizontal distance between parallel reinforce- 
ment bars provided against shrinkage and temperature shall 
not be more than five times the effective depth of a solid slab 
or 450 mm whichever is smaller. 


In above discussion the main reinforcement refers to 
the reinforcement provided for flexure duc to loads. The 
secondary or distribution bars are provided perpendicular 
to the main bars.and are not resisting the flexure. These 
are provided: 

(1) To distribute uniformly the concentrated load on 
the slab. 


(2) 'To keep the main reinforcement in position. 
(3) To resist stresses due to shrinkage and temperature. 


'The above rules are observed in the examples considered 
in the chapters to follow. 


TORSION 


4-6. General: In addition to flexure and shear, the 
reinforced concrete elements are also sometimes subjected 
to the torsion. A section subjected to only torsion is rarely 
found. In most cases, bending and shear are predominant. 


Some examples of torsion are illustrated in fig. 4-5. 
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i Fig. 4-3(a) shows a slab cantilevered from a beam which 
is assumed to be fixed at supporting columns. Slab load W 
induces a torsional moment of ‘Wx in beam. 


Torsional 
P reaction ee 
Column —— 
fa) Cantilever slab and (b) Ell beam where stiffness 
ell beam of beam is considered 
A ER S 
| 1— Beam Bi K E 
EN 
| Sess [| \\ 
fat v i] 
| | Beam BC V A 
` [z 
H Sa 
(c) Cantilever BC (dj Circular beam 


supported on Bı 


Torsion in structural systems 
Fic. 4-5 


Fig. 4-5(b) shows ell beams. If the stiffness of beam 
is not taken into account, which is a usual case, there is 
no torsion in ell beams. However, if the stiffness of beams 
is taken into account, the negative moment of slab at A and 
B is a torsional moment for ell beams. 


In fig. 4-5(c), a small beam BC is cantilevered from 
beam B,. Beam B, is considered fixed at columns. Here, 
negative moment of beam BC will be the torsional moment 
of beam B.. 

Fig. 4-5(d) shows a circular ring beam supported on 
columns. In this case, because of the shape of the beam, 
torsional moment is induced. 

If the beam in case (a) is supported throughout its length 
by a load bearing masonry wall, the case is a "pure 
torsion”. 
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4-7. Effect of torsional moment: Provision of 
reinforcement: The plane of torsional, moment is per- 
pendicular to the plane of bending moment. Torsional 
moment induces shear stresses in the beam. Because of the 
torsion, a beam fails in diagonal tension forming spiral cracks 
around the beam. The behaviour of concrete structures 
subjected to torsion is complicated and not clearly understood. 
As a simplification, the effect of torsional moment is split up 
into (a) equivalent shear and (b) equivalent bending moment. 
The provision of reinforcement is then simplified to vertical 
stirrups in addition to stirrups for diagonal tension induced 
due to vertical shear force and longitudinal reinforcement 
‘in addition to that required for bending moment. 


Longitudinal bars 


Stirrups 


Concrete strut ; 


Space truss analogy 
Fic. 4-6 


A space truss analogy for the behaviour of torsion is shown 
in fig 4-6. In this analogy, the longitudinal reinforcements, 
the stirrups and struts of concrete in compression together 
form a space truss to resist the torsion. The longitudinal 
reinforcement helps in reducing the crack width through 
dowel action and stirrups crossing the cracks resist shear due- 
to vertical loads and torsion. 


4-8. Code provisions: According to IS : 456 design 
for torsion shall be made as follows: 
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General: In gencral, where the torsional resistance 
or stiffness of members has not been taken into account in 
the analysis of structure, no specific calculations for torsion 
will be necessary; adequate control of any torsional cracking 
being provided by the required nominal shear reinforcement. 
Where the torsional resistance or stiffness of members is taken 

-into account in the analysis, the members shall be designed 
for torsion. 


The approach to design for torsion is as follows: 


Torsional reinforcement is not calculated separately 
from that required for bending and shear. Instead, the 
total longitudinal reinforcement is determined for a fictitious 
bending moment which is a function of actual bending moment 
and torsion. Similarly, web reinforcement is determined 
for a fictitious shear which is a function of actual shear and 
torsion. 


The design rules given below shall apply to beams of 
solid rectangular cross-section. However, these may also 


be applied to flanged beams by substituting bw for b, in which | 


case they are generally conservative; therefore specialist 
literature may be referred to. 
For design of torsion, sections located less than a distance 


d, from the face of the support may be designed for the same 
torsion as computed at a distance d, where d is the effective 


depth. 

Design rules: The design rules for torsion as indicated 
above are based on equivalent shear and equivalent moment. 
They are explained below: ` 

(a) Shear and Torsion — Equivalent shear: Equivalent 
shear, V, shall be calculated from the formula: 


V, — V E l6 2 ie Ee (4-2) 


where ñ 
V, = equivalent shear 
V = shear 
T = torsional moment and 
b = breadth of beam. 
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The equivalent nominal shear stress, Tø is given by, 
(4-3) 


The equivalent nominal shear stress Tv shall not exceed 
the values of t, may as given in table 3-2. 


If ç does not exceed t, as given in table 3-1, only 
minimum shear reinforcement shall be provided as explained 
in art. 3-7. However, if ty, exceeds Te, both longitudinal and 
transverse reinforcement shall be provided as explained below. 


(b) Longitudinal reinforcement: ‘The longitudinal rein- 
forcement shall be designed to resist an. equivalent bending 
moment M, given by, 


Avo ALL om EET SERT musayana (4-4a) 
where 
M = bending moment at the cross-section and 
D 
(1 + 74 
Mi Lr EQ a dfsxcdOoWHTtrCON SENTO Oe eres (4-45) 
where 


T = torsional moment 
D = overall depth of the beam and 
b = breadth of the beam. 


If the numerical value of M, as defined by equation (4-42), 
exceeds the numerical value of the moment M, longitudinal 
reinforcement shall be provided on the flexural compression 
face, such that the beam can also withstand an equivalent 
moment M, given by M. = M,— M, the moment M, 
being taken as acting in the opposite sense to the moment M. 


(c) Transverse reinforcement: ‘Two legged closed hoops 
enclosing the corner longitudinal bars shall have an area of 
cross-section As, given by, 


T s V: s, 
bid Ssv 2-5 d,o; Dee y ae ems ciate oy eee ee ee 
but the total'transverse reinforcement shall not be less than 


Osy 


Aw = 
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where 
T = torsional moment 
V =} shear force 
Sy = spacing of the stirrup reinforcement 
b, = centre to centre distance between corner bars 
in the direction of the width 
d, = centre to centre distance between corner bars in 
the direction of the depth 
b = breadth of the member 
c, = permissible tensile stress in shear reinforcement 
Tr, = equivalent shear stress as defined in eq. 4-3 and 
t, = shear strength of the concrete as specified in table 
3-1. 
(d) Distribution of torsion reinforcement: When a member 
is designed for torsion, torsion reinforcement shall be provided 
as below: 


Details of torsion reinforcement 
Fic. 4-7 


(1) The transverse reinforcement for torsion shall be 
rectangular closed stirrups placed perpendicular to the axis 
of the member. The spacing of the stirrups shall not exceed 


the least of x, %1 t2 1 and 300 mm, where x, and J, are 


respectively the short and long dimensions of the stirrups. 
‘Refer fig. 4-7. | 

(2) Longitudinal reinforcement shall be placed as close 
as practicable to the corners of the cross-section and' in all 
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ae JA 
cases, there shall be at Teast one Jongitudinal bar in each corner 
of the ties. When the cross-sectional dimension of the member 
exceeds 450 mm, additional longitudinal bars shall be provided 
along the two faces. The total area of such. reinforcement 
shall be not less than 0-1 per cent of the web area and shall 
be distributed equally on two faces at a spacing not exceeding 
300 mm or web thickness whichever is less. 


Example 4-2. 

A rectangular beam of size 230 mm wide X - 400 mm overall 
depth, is reinforced with 2 no. 10 mm dia. bars at top and 3 no. 16 
mm dia. bars at bottom being tension reinforcement. ` It is subjected 
to a shear force of 18 kN, a torsional moment of 1-2 kNm and a 
bending moment of 18 kNm. Check for the torsion reinforcement. 
The materials are M15 grade concrete and mild steel reinforcement. 


Solution : 
M = 18 kNm 
T = 1:2 kNm 
V = 18 kN 
b = 230 mm 


d = 400 — 25 — 8 = 367 mm 
Equivalent shear force 


V,= V + 1:6 3 
= qu Wee es 105 t 
= 18+ 1:6 230 x 10 
— 26:35 kN. 
Equivalent nominal shear stress 
26:35 x 10? 


pe Aenean MR C ERI NERA 
Urs pox ep 57004 Nam, 


1004, 100 x 3 x 201 
bd — 9830 x 367 
From table 3-1, t, = 0-332 N/mm? > ty. 


There is no need of torsion reinforcement. However, 
-minimum stirrups shall be provided. 


= 0-71. 
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Using "E mm dia. bars doe E - 9 x 28 = 56 mm?.. 


Now, As ue 
f 


56 0-4 
380 x s, ^ 250 

Sy & 152. 
Provide 6 mm -p two-legged stirrups about 150 mm c/c. 


Example 4-3. 


A rectangular beam of size 230 mm wide X 600 mm overall 
depth is subjected to a sagging bending moment of 32 kNm, shear force 
of 32 kN and a torsional moment of 12 kNm. Design the reinforce- 
ment at section. The materials are MIS grade concrete and mild 
steel reinforcement. 


which gives 


Solution: 


M = 32 kNm b = 230 mm 
V = 32 kN | = Di==600 mm 
T = 12 kNm. 


Assuming 25 mm cover and 20 mm dia. bars in one layer 
d = 600 — 25 — 10 = 565 mm. 
Equivalent shear 


T 


i) 
-324 16 (o5 


= 32 + 88:5 = 115:5 kN. 


Equivalent shear stress 


V, 1155 x 108 : 
115:5 X 10" _ 0.89 N/mm? 
<a pan SER = O N 


For M15 mix from table 3-2, Te max = IE 6 N/mm? 
Tre < Te max ° SNE E OE E DFA pp QUIE TUR 3 ° d "900929258 (O.K.) 
Assuming tension reinforcement = = (0) 5% : Een 
Te = 0:29 N/mm? < ty. re Pes URN 
Thus, design of torsion is necessary. «: --- - 1 C8 


Tue = 
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Longitudinal reinforcements: 
Equivalent bending moment Ma = M + M; 


T (14-7) 


= 32 + 25:5 


— 57.5 kNm. 
Since M > M, no reversal of moment is considered and 
steel on compression side is not required. 
Now, M, = 57:5 kNm 
| SEEN 5 x 108 
required = = 1 0-87 x 230 
sos — 565mm. - v. «reos terrre (OK) 
is 57-5 x 109 = i 
"^ 140 x 0-87 x 565 ` 
Provide 3 no. 20 mm dia. bars = 942 mm2. 
At top provide 2 no. 12 mm dia. anchor bars. 


A 


As the depth of beam is more than 450 mm, side reinfor- 
cement has to be provided. 


Minimum area on each face = ; x ao x 230 x 600 
= 69 mm’. 
However use 1-12 $ on each face at centre of web. 
530 


Spacing of bars then OE 265 mm. 


Spacing should not exceed 
(1) 300 mm 
. (2) web thickness = 230 mm. 


Second criteria is not satisfied. Therefore provide 
4-12 side face reinforcement as shown in fig. 4-8. 


5 
Now spacing = ai = 176:6 < 230 mm............ (O.K.) 
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Transverse reinforcements: Assuming 10 mm 4 two-legged 
stirrups, 
Ag = 2 x 78-5 = 157 mm. 


T s V os 
Aso $3 bid; Osy RS 2:5d, O sp 
Substituting, referring fig. 4-8, ` 
157 — 12 x 109 s, 32 x 10? s, 
^ 168 x 534 x 140 2:5 x 534 x 140 
= (0:955 + 0-171) s 
= 1-126 Sp 
which gives sp = 139 mm............................ (1) 
Also PM £ (Tre = Te) b. sv 
Osy ' 
Substituting, 
(0-89 — 0:29) x 230s, 
157 ¢ me Em 
which gives s, < 159 mm... n (2) 


Now spacing should not exceed 
(a) x, = 190 mm 
(py p 1502 900 = 1875 mm 
4 4 
(c) 300 mm 
ie. sy > 187.5 mm 
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- From (1), (2) and (3) provide 10 mm $--two-legged 
stirrups about 135 mm c/c. The designed section is shown 
in fig. 4-8. 


4-9. General cases of torsion: The analysis for 
torsion in reinforced concrete beam is done using elastic theory. 
Two most general cases of torsion are discussed below: 


Bi 
SE P | W E 
r! | E 2 
ime SL ls l*A 
spe 7 lear : 
| Ies WE Ld 
| | | | | 1 l) Moment 
Eu e 
Mice os £d 34 4 
(a) Plan , Ws) a | 
We 2 m= Wsza Torque 
1 ! ERN 
Ws; Ws) LW Fee Se PPS: a he x š = 
W = +W + Wn (c) Diagrams for beam B; 3: De 
—  m— š š 
(b) Section A:A bse 
Fic. 4-9" ` Tm: 


~i .(a) Cantilever slab inducing. torsion ti: supporting beam 
A beam B, fixed into columns ‘and subjected to torsion due 
to cantilever slab S, is shown in plan in fig. 4-9(a). Note 
that if level of slab S, and that of S, were same, S, could be 
cantilevered from S, not inducing any torsion in beam B,. 
Here it is assumed that reinforcement of slab $, are anchored 


in beam. If the main reinforcement of slab $, are anchored ` 


in slab S, through the beam B, upto 12 $ beyond the point 
of contraflexure, S, and S, can be made continuous not induc- 
ing torsion in beam B,. Let total load on slab S, be Wz, 
on slab S, be Ws, and load acting directly on beam (e.g. self 
weight of beam and masonry wall if any) be W. Then 


total load on beam B, is W — "A + W; + Wi. The shear, 
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moment and torque diagrams for beam B, are shown in 
fig. 4-9(c). 

Note that beam B, is considered fixed at columns. It 
is also possible to develop connection of beam and column 


such that beam is simply supported for vertical loads at 
supports and restrained against torsion. In that case, bending 


; WI 
moment at support will be zero and — at centre. 


8 
(Wi + Wo) 
= B _ ‘is U 3 
-—— 8 w r Sees " 
3 2 
| | | | ` &— — ——— L — 
| | Beam Bc--H- Loading 
TELE 7 1-9 
A | | Sia A Ws 
3 lla w : 
p | | | | = W;3- W 
bH- : Ei Wi4+ Wy bo Wel 
Bi ae Sede Shear CUM à E 
(a) Plan s — 
3 [ . 
W š Moment 
ra = A Waa 
al = -J- 
LE MM F = 
eu ae ard - W = WrtW24+W3 PUES Torque UA eA - -n 2 
— a —- ú R 
(b) Section A-A (c) Diagrams for beam B; 
Fic. 4-10 


(b) Cantilever beam inducing torsion in supporting beam: ` 


A beam B, simply supported at columns for vertical 
loads and restrained against torsion is shown in fig. 4-10(a) 
and (b). W, and W, are uniformly distributed loads while 
W is central point load on beam Bs inducing a torsional 
‘moment. The loading shear, moment and torque diagram 
for beam B, are shown in fig. 4-10(¢). ` 


Example 4-4. | 
A canopy beam of 5 m span fixed at support for vertical loads 
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and torsion, is shown in fig. 4-11. Live load on slab is I EN]m?. 


Design beam for torsion at support. The materials are M15 gradë ` 


concrete and mild steel reinforcement. 


300 1800 


= j fe pe kNim 
|| | | 
=! | k— 5m — ——9 Load 
Ë rll 2 
ZA Á 30.75 
|| kN 30.75 Shear 
kN 


25.62 12.81 kNm 25.62 Moment 
Plan io Sm ee kNm 
— M ao Te —— 
soo] T kNm 20.76 Torque 


300-4 kK kNm 
Section A-A 
(a) Canopy (b) Diagrams for B, 
Fic. 4-11 
Solution: 


Soop} beam width = 300 mm and overall depth 


1 
io * span = = 500 mm. Density of reinforced concrete is 
25 kN/m. 
Load on beam: 
A © (i) From rectangular slab section, 
»" 1-8 x 0-1 x 25 = 4-5 kN/m 
0 (ii) From triangular slab section 
= 1:8 x 0:1 x 2 = 2:95 kN/m 
(ii) Self wt. of beam = 0:3 x 0:5 x 25 = 3-75 kN/m 
(iv) Live load from slab = 1 x 1-8 = 1-8 kN/m 
total U.D.L. on beam — 12:3 kN/m. 
Maximum shear force at support — 12:3 x : = 30:75 kN. 
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Maximum, negative bending moment at support 


== 12:3 x 5 = 25-62 kNm. 
Maximum positive bending moment at centre 
š p: 

= 12:3 x 94 7 12-81 kNm. 


Maximum torque at support 


5 
= (£5 x 1:05 + 2:95 x 0-75 + L8 x 1.05) 


— 20-76 kNm. 

At support, 
M — 25:62 kNm — 300 mm 
V = 30:75 kNm D = 500 mm 
T = 20:76 kNm. 


Assuming 25 mm cover and 20 mm dia. bars in one layer 
d = 500 — 25 — 10 = 465 mm. 
Equivalent shear: 


Yea Y 164 
20:76 
— 30-75 + 16 x —— os 


= 30-75 + 110-72 = 141-47: EN. 
Equivalent shear stress 
V, | 14147 x 10? 
= <=  — = 101 N/mm? 
u= ag s P 


For M15 mix from table 3-2 Te may = 1:6 N/mm? 


Assuming tension reinforcement = 0-596 
Te = 0:29 N/mm? < Ty. 
Thus design for torsion is necessary. 
Longitudinal reinforcements: 
Equivalent bending moment 
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M, = MHM. : | Bes 


= 25-62 + 


= 25:62 + 32-56 
= 58:18 kNm. [ . 
Here M < M, and reversal of moment shall be considered. 
Mes = M, — M 
= 32:56 — 25:62 = 6:94 kNm. 
This is a smaller value than maximum positive moment 


at centre.- Therefore this will be taken care of by the 
positive reinforcement carried into the support. 


Now : Ma = 58:18 kNm. 


At support the beam behaves as. rectangular beam and 
at centre, in this case, it is an isolated L beam. | 
58:18 x 10$ 
Cragin = Y “0:87 x 300 
= 462`mm < 465 mm (provided)... . (O.K.) 
HEEEL O enya Q e 
“ 140 30-87 3c 465 7 d AUD rie 
Provide 4 no. 20 mm dia. bars = 1256 mm?. is 
It is seen from the bending moment and torque diagrams 
that at centre, the torque is zero and increases towards the 
support, while positive bending moment is maximum at 
centre and decreases towards the support. Design at any 
section for longitudinal bars shall be done using the summation 
M + Mas done for the support. In this case, if design 


for top bars at support and bottom bars at centre is done, it 
will be sufficiently accurate. 


, At centre, longitudinal steel required 


| 12:81 6 
140 x 0:87 x 465 ; 
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Picea. š 


Pe 


0-34 
' .. Minimum steel — TN x 300 x 465 (refer art. 5-5) 


— 474 mm*. 
Provide 3 no. 16 mm dia. bottom bars = 603 mm?. 


These bars are utilised at support to resist the reversal 
moment due to torsion Me, equal 6:94 kNm 


As the depth of beam is more than 450 mm, side face 
reinforcement has to be provided. 


Area of one bar required — a x 4 x 300 x 500 


= 75 mm? on each side. 


bi = 230 


| — 2.12 Ç y 


l) mm $. € 130 c/c 


Jt aine - Ee pete PD i _ L — 3l6% .. 


"x= 2601 
L 
— EN ga 
M cal M. 3 Section at.support ©...) uc 
MUS Š ` Fic: 4-12 
. Use 1-12 mm diameter bar on each face at centre: ` 
NE 432 _ "iet | : | 
Spacing — corr 216 mm. 


Spacing should not exceed 
(1) 300 mm x 
(2) web thickness = 300 mm........ ee (O.K.) 


Transverse reinforcements : 
Assuming 12 mm dia. one stirrups, 
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As = 2 x 113 = 226 mm*. 


s — T° Sy Ve s; 
Qa ` 25:46. 
. 6 . 3 
996 = 20-76 x 10? s, 30:75 x 10? s, 


230 x 432 x 140 2-5 x 432 x 140 
= 1:49 s + 0:2 5, = 1:69 s, 
‘Ty = RPDS ul «oes D ad aen yqa OR CTI (1) 
(Tue — Te) b s, 
Osv 
(1:01 — 0-29) x 300 x s, 
140 
IE eyes 5 < 146 mm. seen rrr (2) 
Spacing should not exceed 
(1) x, 260 mm 


Also Aw £ 


226 + 


(e Se A eee een 
4 4 
(ESO imm a p J80 MMs... iererele eee (3) 


From (1), (2) and (3) provide 12 mm 9$ two-legged 
stirrups about 130 mm c/c. The designed section is shown 
, in fig. 4-12. 

Example 4-5. 


For the beam Bs, as shown in plan in fig. 4-13, loading from 
slab is 8 kN|m, self weight of beam and masonry wall above the 
beam Bs transfers a U.D.L. of 10 kN|m on beam. Beam BC at centre 
of beam By is cantilevered from beam Bs, and carries a U.D.L. of 
20 kN|m inclusive of self weight. Beam B, is simply supported 
Jor vertical loads and restrained against torsion. Design the reinforce- 
ment at the centre and support of beam Bs. The materials are 
grade M15 concrete and-tor steel reinforcenent of grade Fe 415. 


Solution: 


Load on B, from slab 8 kN/m 
direct load on beam 10 kN/m 


Total 18 kN/m. | 
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^. A central point load from BC = 0:6 x 20 = 12 kN. . 
Tote at centre of beam = 0. 


12kN D ISkN/m 


-2.5m — 


_ SIEN : SIRN 
F 5m " Loading 


SIkN 6 kN 
mie Shear 
600 25m 6RN 
JP r 71.25 kNm 
Moment « 
2.7 kNm Torque 
(a). Plan (b) Beam diagrams 
Fic. 4-13 


Torque just at right or left of the centre of beam 
= BX OER) = 27 Nm 
Shear force at support 


=; (18 x 5 + 12) = 51 KN. 


Maximum B.M. at centre 
— 51 x 9.5 2 x 18 
= 127-5 — 56:25 = 71:25 kNm. 
The S.F., B.M. and torque diagrams are ' shown in fig. 


4-13(b). 
At centre of the beam, 
y = 6 KN 
T = 2:7 kNm 


adopt b = 300 mm. 
D=; x 5000 = 500 mm. 
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Assuming 25 mm cover and 20 mm dia. bars in one layer, 
d = 500 — 25 — 10 = 465 mm. SAR X 

' T 

Equivalent shear V, = V + 1:6 7 


. 


Wis UN 
X 


2:7. 
= 6 + 1:6 x 0-35 
= 20-4 KN. 
Equivalent shear stress 
2052 102 
~ 300 x 465 
= 0:146 N/mm? < 0:2 N/mm, 


being permissible shear stress for minimum tension reinfor- 
cement. (Table 17 of IS : 456 does not give value of T, for 
0:276 steel. The above value is taken from SP-16 — table 80.) 


There is no need of designing torsion reinforcement at 
centre. | 


For positive B.M. = 71-25 kNm 


approximate lever arm — d — = = 465 — > = 415mm. ` 
71:25 x 109 : 
Ass = 230 x 415 = 746-4 mm*š. . 


Use 4 no. 16 mm @ = 804 mm*?. 


Checking of stresses in flexure is left to the reader. 


Provide minimum shear reinforcement from table 3-4 as 8 mm 
(Q about 345 c/c. 


At support, 


M = 0 
V = 51 kN 
T = 2-7 kNm. 
Equivalent shear 
PES 2.7 
= 51 . — 
a pun 


= 51 + 144 = 654 kN. 
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TOS. 
. && Equivalent shear stress 
dE 65:4 x 108 
2 = (gk N 2 
Tee = 309 x< 465 7 0469 NJmmt. 


100A, 100 x 804 


bd 300 x 465 
into. support. 


t, from table 3-1 = 0-306 N/mm=š. 
As Tw > t, design for torsion is necessary. 


= 0-58 assuming all bars are carried 


Longitudinal reinforcement: 


Equivalent bending moment 
Mea = M + XI, 


au 


17 


27 (1+ 509) 


1-7 


M L 


= 0 -+ 


= 4-24 kNm. 
M < M, reversal of moment shall be considered. 
Mg = M, — M 
= 4-24 — 0 = 4-24 kNm. 
Es. 4-24 x 108 
s — 930 x 0-90 x 465 
9-12 (p will be sufficient = 226 mm? 
provide 2-12 @ at top. These bars will be used as anchor bars. 


As the depth of beam is more than 450 mm, side face 
reinforcement has to be provided. 


Area. of one = required on each side 


x 350 x 500 = 87-5 -mm?. 


= 44-0 mm? . 


= x T * 


Use 1-12 $ bars as side face teirtoseenierit on each side. 
š 436 
Spacing = uo 218 mm. 
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Spacing should not exceed 


; (1) 300 mm as 
(2) web thickness = 300 IDD; 212355 sa a sy ass sisa (O.K.) 


Y Yuma 


di = 


| 


— 
x, = 260 


Section at support 
Fic. 4-14 
Transverse reinforcement: 
Assuming 10 mm @ two-legged stirrups, 
Ag = 2 x 78:5 = 157 mm?. 


css T- s V: s, 
m bios ` 2:5 dos 
157 = 2-7 X 108 y, 4 51 x 105 s, 
. 238 x 436 x 230 ' 9-5 x 436 x 230 
= 0-113 s, + 0-203 s, = 0:316 s, 
$p = MNS TN Nig crits l E ORC Anas eet he (1) 
Also 
Asp + (t Te) b Sy 
Osy 
157 + (0-469 — 0:29) x 300 x s, 
230 
exo c SO) ict a aaa sum hope qahessc secs (2) 
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Spacing should not exceed 
(1) x, = 260 mm 
xı yı _ 260 -+ 460 


(2) A EDU UE. 180 mm 
(3) 300 mm 
ie, P 180 mtis. a n (3) 


From (1), (2) and (3) provide 10 mm @ two-legged 
stirrups about 180 c/c. 


Note that use of 8 mm Q stirrups here, would be economical. 
The section at support is shown in fig. 4-14. The section at 
centre is same as section at support, except for stirrups. 


EXAMPLES IV 


(1) A doubly reinforced rectangular beam of size 250 mm x 350 
mm effective depth is reinforced with 2 no. 20 mm dia. bars 
at top and 3 no. 20 mm dia. bars at bottom tension reinfor- 
cement. Ifthe span ofthe beam is 6 m and simply supported, 
check the deflection of beam. The materials are M15 
grade concrete and tor stecl reinforcements of grade Fe 415. 


(2) A tee beam of flange width 1750 mm, effective depth 460 mm 
and rib width of 200 mm is reinforced with 4 no. 16 mm 
dia. bars in tension. If the span of beam is 6 m and simply 
supported, check the deflection of beam. The materials 
are M15 grade concrete and mild steel reinforcements. 


(3) For the beam B, as shown in plan in fig. 4-13, loading from 
slab is 10 kN/m. Self weight of beam and masonry wall 
above the beam B, transfers a U.D.L. of 12 kN/m on beam. 
Beam BC at centre of beam B, is cantilevered from beam B3 
and carries a U.D.L. of 16 kN/m inclusive of self weight and 

‘a point load of 6 kN at the end of a cantilever. Beam Bs 
is fixed at supports. Design the reinforcement at the centre 
and support of beam B;. The materials are grade M15 ~ 
concrete and tor steel reinforcement of grade Fe 415. 
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(5) 


(6) 


(7) 
(8) 


(9) 


Reinforced Concrete [Ch. IV ` 


A tee beam of size 300 mm X 450 mm overall depth is 
subjected to a shear force of 20 kN, a torsional moment of 
2 kNm and a bending moment of 28 kNm at centre. Design ` 
the reinforcements. Thickness of slab is 120 mm. The 
materials are M15 grade concrete and tor steel reinforcement 
of grade Fe 415. 


A rectangular beam of size 300 mm X 500 mm overall depth 
is subjected to a hogging bending moment of 30 kNm, shear 
force of 30 kN and a torsional moment of 16 kNm at support. 
Design the reinforcement at the given section. The materials 
are M20 grade concrete and tor steel reinforcement of 
grade Fe 415. 


The projection ofa canopy in fig. 4-11 is now increased from 
1800 mm to2 m. The thickness of slab at support is 200 mm 
and at edge 100 mm. The span of beam is now 6 m and 
size of the beam is 300 mm x 600 mm overall. If the other 
data remain unchanged, design the reinforcement for the 
canopy beam. 


Check the criteria of deflection and prepare a sketch to 
satisfy cracking requirements for the beam sections of 
Examples (10), (11) and (12) of chapter 3. 


A slab of 3 m span and thickness of 120 mm is reinforced 
with 10mm ] (2) 150 mm c/c as main reinforcement. If the 
slab is simply supported,.check for deflection of the slab. 


A rectangular beam of span 3 m is subjected to a load of 
10 kN/m inclusive of self weight. It is also subjected to 
a torsional moment of 3 kNm. Design the beam for 
flexure, shear and torsion. "The width of beam is 300 mm. 
The materials are M15 grade concrete and tor steel 
reinforcement of grade Fe 415. 
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This chapter is intended to give complete design of the 
beams using the principles developed in previous chapters. 
_A beam primarily is a flexural member and resists load in 
vertical bending. However, sometimes it resists lateral loads 
also. It resists the load by bending and shear. The checks 
for development length, deflection and cracking are required 
in design, Some typical designs are treated in this chapter. 


SIMPLY SUPPORTED BEAMS 


5-1. Introductory: Simply supported beams may be 
supported on masonry walls or R.C.C. columns. When 
supported on masonry walls, bed block or template below 
the beam at support is necessary to transfer the concentrated 
load from beam to the masonry walls. The simply supported 
beams may be rectangular beams or flanged beams. 


The effective span of a beam that is not built integrally 
with its supports shall be taken as clear span plus the effective’ 
depth of beam or centre to centre of supports, whichever is 
less. For a beam built integrally with supports it is centre 
to centre of supports. i 


5-2. Design procedure: The design of any member is : 
always followed by the analysis of forces, it has to withstand. 
The procedure for design of a beam may be summarized as 
follows: 


Estimation of loads.: The correct estimation of loads, 
a beam has to bear, leads to an economical and safe design of 
the beams. A designer should not forget to account for any 
possible load acting on the structure, as this leads to an 
underdesign of the member and subsequently the failure of 
the beam. The dead loads on the beam may be self weight 
from slabs and beams, floor finish, partitions, false ceiling 
and some special fixed loads if specified. The live loads shall 
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be diffierent for different structures, depending on the functi- 
onal use of the building. This shall be taken from IS : 875, 
the loading standards. The unit weights of plain concrete 
and reinforced concrete made with sand and gravel or crushed 
natural stone aggregate may be taken as 24 kN/m? and 25 
kN/m? respectively. | 


Analysis: Using the above determined loads, the shear 
forces and bending moments are found out and diagrams 
drawn. 


Design: After analysis, design the beam as follows: 


(1) Using maximum moment, calculate the depth 
of beam required for balanced section. If the size 
of beam is specified, check whether it is singly 
reinforced or doubly reinforced. 


(2) Find out steel area required for design moment. 


(3) Check the shear stresses and development length 
of bars. 


(4) If some bars are curtailed, check for curtailment 
using curtailment rules. i 


(5) Check the deflection and cracking using rules for 
control of deflection and cracking. 


(6) Draw complete sketches of designed beam with 
elevations and sections. | 


5-3. Critical sections for moment and shear: 
These are summarized as follows: 


(a) Moment: For a simply supported beam maximum 
moment occurs at point of zero shear in the span and shall 
be considered in design. 


(b) Shear: The shears computed at the face of the 
support shall be used in design of the member at that 
section except, when the reaction in the direction of the applied 
shear introduces compression into the end regions of the 
member, sections located at a distance less than d from the 
face of the support may be designed for the same shear as 
that computed at distance d as shown in fig. 5-1. 
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Fig. 5-1(a) shows that loads introduce tension at the 
end region of the member, e.g. the beam at first floor level is 
supported on suspenders which are suspended from the beam 


AB 


— d> 


(a) Critical section at (b) Critical section at distance 
the face of support d from the face of the support 
Critical sections for shear 
Fic. 5-1 


at second floor level as shown in fig. 5-2. In this case the 
loads will introduce tension at the end region and shear force 
at the face of the support shall be considered in design. i 


Beam ` Second floor: . 
First floor 


Ground floor 


Suspended beam 
Fic. 5-2 


Fig. 5-1(6) shows that load introduces a compression 


at the end region of a member. This is a usual case and the |. 
sections located at a distance less than d from the face of the 
support ie. AB region shall be designed for shear at B. 
This provision gives relaxation in design of shear reinfor- 
cements as the shear at B is lower than shear at A. However; 
it is recommended by the author that it may not be used if a 
beam under consideration receives a heavy point load in 


region AB of fig. 5-1(/). 
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5-4. Anchorage of bars: check for development E. 
length: According to clause 25.2 of IS : 456, the calculated ** 


tension or compression in-any bar at any section shall be 
developed on each side of the section by an appropriate 
development length or end anchorage or by à combination 
thereof. ` 


The above requirements put first restriction on bent. 
bars or curtailed bars that no bar can be bent up or curtailed 


upto a distance of development length from the point of - 


maximum moment, e.g. for tor steel reinforcement of grade 
Fe 415, the development length in concrete of grade M15 
in tension is 69 >. If 20 mm diameter bars are used, the bars 
cannot be bent or curtailed upto a distance of 69 x 20 
= 1380 mm from the point of maximum bending moment. 
After this point, if a-bar has to be curtailed, it shall comply 
with bar curtailment rules. ‘This is illustrated in fig. 5-3. 


Ç K—1380 -—<— 1380 —4 
[ A B ae) | 


Z 


k 2/2 —— —P J 


A bar can be bent up or curtailed using 
curtailment rules after point A or B. 


Check for development length 
Fic. 5-3 


Suppose that the first restriction as mentioned above is 
Over-come and a designer can bent or curtail some bars and 
he decides the number of bars to be bent or curtailed. Now 


for the remaining bars also the above requitement has to be 
checked. 


Let M; be the moment of resistance of remaining bars 
assuming all the bars stressed upto the permissible stress c; 
l6. M, = og. An jd where Asis the area of remaining bars. 


Find out from the bending moment diagram a point 
where the moment is equal to M,. According to above 
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; requirement, from this point the remaining bars have to be 
anchored upto Lj. This anchorage can be a sum of distance 
of centre of support from this point and anchorage beyond 
the centre of support. Let us formulate this requirement. 


When a formula is.to be prepared, the worst combina- 
tion of the loads shall be considered. The point loads will 
"serve this purpose. Consider a simply supported beam with 
two point loads and draw S.F. and B.M. diagrams as shown 

* in fig. 5-4. Let some bars be bent or curtailed. 


P P 
e] 
Li» 
— a 1 K— a —] 
——— 


| (a) Beam 


: V=P 
| 


| (bj S.F. diagram 


(c) B.M. diagram 


Check for development length 
Fic. 5-4 


Let M, be the moment of resistance of remaining bars 
assuming all the bars stressed to the permissible stress ose. 
In the B.M. diagram find out the point 1 where the B.M. is 
equal to M;. Let the distance of point 1 from the centre of 
support be Z4. Then from above discussion it is clear that 
the total anchorage L, + Lo (where L, is the anchorage of 
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bars beyond the centre of the support) shall be greater. than. A 


or equal to Ly. 

6 LB+L > Lj. 

From fig. 5-4, it is clear that 
M, M, 


L = — = 


(Paya 
Therefore, we conclude that 


The same expression can also be used for continuous 
beam at the point of inflection. This formula may be used 
for any combination of loads. This is the same formula as 
given in clause 25.9.3.3 of IS : 456. According to the code 
the following are the anchoragement requirements for positive 
moment reinforcements: 


(a) At least one-third the positive moment reinforce- 
ment in simple members and one-fourth the positive moment 
reinforcement in continuous members shall extend along the 


same face of the member into the support, to a length equal 


La 
to ior 


(b) At simple supports and at points of inflection, 
positive moment tension reinforcement shall be limited to a 
diameter such that Ly (development length) computed for 


Ja does not exceed m + L, 


or T > Ly 


where 


M, = Moment of resistance of the section assuming all 
reinforcement at the section to be stressed to Ja 


Ja = Permissible stress os, for working stress design. 


V = Shear force at the section (support for simply 
supported beam and point of inflection for 
continuous beam) due to design loads. ~ 
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£, = Sum of the anchorage beyond the centre of the 
support and the equivalent anchorage value of any 
hook or mechanical anchorages at simple support 
and a point of inflection. L, is limited to the 
effective depth of the member or 12 whichever 
is greater, and 
o = diameter of bar. 


M,. 
The value of mi in the above expression may be increased 


by 30 per cent when the ends of the reinforcement are confined 
by a compressive reaction. 


i.e. 28 po datei PCT (5-15) 


5-5. Reinforcement requirements: Beam reinfor- 
cement shall comply the following requirements: 


(a) Tension reinforcement : 

(1) : Minimum reinforcement: The minimum area of 
tension reinforcement shall not be less than that given by 
the following expression: 

As B 0:85 


M X 
where 
A; — Minimum area of tension reinforcement 
b — breadth of the beam or breadth of web of 7 beam 


d = effective depth 
Jy = characteristic strength of reinforcement in N/mm*. 


For mild steel, 
100A, i 100 x 0:85 


bd ^— 3950 


For tor steel, Fe 415 grade, 
1004; = 100 x 0:85 — 0-905. 
bd 415 
For tor steel, Fe 500 grade 
1004, _ 100 x 085 — ] 
bd | 9500 z Rf 


= 0:34. 
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(2) Maximum reinforcement: The maximum area of. 4 


` tension reinforcement shall not exceed 0-04 bD. 


(b) Compression reinforcement: 


The maximum arca of compression reinforcement shall 
not exceed 0:04 bD. Compression reinforcement in beams 
shall be enclosed by stirrups for effective lateral restraint. 


5-6. Slenderness limits for beams to ensure lateral 
stability: A beam is usually vertical load carrying member. 
However, for long span, the beam may’ bend laterally. To 
ensure the lateral stability of a beam, IS : 456 states, 


*A simply supported or continuous beam shall be so 
proportioned that the clear distance between the lateral 


restraints does not exceed 600 or whichever is less 


where d is the effective depth and b is the breadth of the 
compression face midway between the lateral restraints. 


For a` cantilever, the clear distance from the free 
end of the cantilever to the lateral restraint shall not 


- 100/03 ee : 
exceed 25 b or whichever is less”. 


Example 5-1. 


A simply supported rectangular beam of 4 m span carries a 
uniformly distributed load including self weight of 20 kN|m. The 
beam section is 230 mm x 500 mm overall. Design the beam. 
The materials are grade M15 concrete and mild steel reinforcements. 
The beam is suspended from the upper floor level. 


Solution: 
Mmax = 20 X T = 40 kNm 


V mox = 20 x s — 40 kN. 


(a) Moment steel: 


The section is 230 mm x 500 mm overall. Assuming 
one layer of 16 mm dia. bars, effective depth shall be 
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d = 500 — 25:(cover) —8 (centre of reinforcement) 
— 467 mm. 


Depth required for singly reinforced section 
— 1 20x 10: 
0:87 x 230 


| [30 kN/m | 


|—— 4 m— 


= 447 < 467. 


, (a) Beam loading 
4OkN i 


JORN 
(b) S.F. diagram 


[c). B.M. diagram 
Fic. 5-5 


Design as singly reinforced section. 
ee s nus 
“#140 x 0:87 x 467 

Minimum steel required 
Aero 
100 
Provide 4 no. 16 mm $4 = 4 x 201 = 804 mm*. 
Let 2 bars are bent at 1:25 D 
= 1-95 x 500 = 625 mm, say 600 mm, from the face 
of the support. 
(b) Check for development length: 


(l) A bar can be bent up at a distance greater than 
La = 58 $ from centre of support i.e. 58 x 16 = 928. mm. 


— 709. mmt. 


X 230 x 467 = 365 mm*. 
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In this case, this distance is (2000 — 600) = 1400 mm, :` .. 


iud mt S E aa. ok Osby) 


(2) For the remaining bars, 
M, = 2 x 201 x 140 x 0-87 x467 x 1075 = 22:87 kNm 
V = 40 KN. 


If the bars are hooked at 10 cm beyond the centre of 
the support, the anchorage value L,= 164 4-100. JL, is 
limited to 12¢ = 192 mm or effective depth = 447 
whichever is greater i.e. 447 mm. However, provided 

= 16$ + 100 = 356 mm. 


Use L, = 356 mm. 
Now, T + L, 2 Li 


22-87 x 109 
asam «6995 


928 > 58 ó or pọ < 16 mm. 
Provided diameter is 16 mm. Therefore 2-16 $ can be bent up. 
(c) Check of shear: 
At support, V —40 kN. 


40 x 105 : 
= —————-—( z 
To = 330 x 467 0-372 N/mm?. 
100 4, 2 x 201 x 100 
Dd 29809 467. S 


T, = 0-255 N/mm? < 0:372 N[mm:. 
Shear design is necessary. 
Note that the critical section for checking the shear 
stress in this case is the face of the support (and not at distance 


d from the face of the support) because the reaction at jPIppant 
induces tension in end region. 


At support 2 bent bars can be used to carry shear stress. 
These give a shear of, 


0:707 x 2 x 201 x 140 x 10-3 = 39.78 kN. 
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, Shear resistance of concrete, 

“Ex. Te bd = 0-255 x 230 x 467 x 1079 = 27-39 kN. 
V; = V — w, bd = 40 — 27:39 = 12-61 kN. 

Bent bars share 50% = 6:3 kN 

Stirrups provide 50% = 6:3 kN. 
Using 6 mm $ two-legged stirrups, spacing can be given by 
Gs Ao ed where 4, = 2 x 28 = 56 mm? 


$ 


eke 140 x 56 x 467 
6:3 x 10? 
At a distance 600 mm from support, 
V = 40 — 0-6 x 20 = 28 kN 
V, = 28 — 27-39 = 1:39 kN. 
This will give larger spacing than above. 


= 581: mm ....9*: eee (1) 


For 230 mm wide beam minimum shear reinforcement 
from table 3-4is 6 $ about 150 c[|c..................... (2) 


From (1) and (2) minimum shear reinforcement shall 
be provided ie. 6 mm ¢ about 150 c/c. 
(d) Check for deflection: 

Basic span/d ratio — 20 

100 x 4 x 201 
= ———— S . = 0:75. 
Pt = — 230 x 467 = 

Modification factor = 1:58. 

Span/d ratio permissible = 20 x 1:58 = 81-6. 
4000 
Actual span/d ratio = ACh 8:56 < 91:6........ (O.K.) 
(e) Check for cracking: 


Clear distance between bars | 
Sa 230 —— — 38-66 mm. 


Maximum distance permitted = 300 mm (zero per cent 
redistribution). 
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(f) Practical requirement: 


Minimum distance between bars permitted ==<lagg 45 | 
mm = 20 -+ 5 = 25 mm (using 20 mm aggregate size) ` 


= > of bar i.c. 16 mm. | . 
ie. clear distance should be more than 25 mm. 
Actual clear distance = 38:66 mm > 25mm.:.. (O.K.) 


The beam as designed above is shown in fig. 5-6. Provide 
2-10 $ anchor bars. 


K—600—4  —4.16 @ (2 st. 4- 2 bent) 
kK 4000 c/c—_> > 


i | | 6mm d Stirrups c» 150 c/c aan 
i H-230—4 


` (a) Beam section (b) Section 
Fic. 5-6 


(g) Supplementary details: 


In this example even if.the bars are not bent, one leads 
to the minimum shear reinforcement. To save the reinforce- 
ment in this case, bars may be curtailed or taken straight 
into support. 


5-7. Curtailment of bars: When the tension bars 
are not required to resist the moment, they can be curtailed. 
For curtailment, reinforcement shall extend beyond the point 
at which it is no longer required to resist flexure for a distance 
equal to the effective depth of the member or 12 times the 
diameter whichever is greater except at simple support or end 
of cantilever. These requirements are explained in fig. 5-7. 


In addition to above, the following requirements shall 


also be satisfied. These are given in clause 25.2.3.2 of 
IS : 456. 
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gi. It states, “Flexural reinforcement shall not be terminated 
in a tension zone, unless any onc of the following conditions 
is satisfied. ; | 


P — 'Theoretical cut off point 
Q — Actual cut off point 


Requirements for bar curtailment 
Fic. 5-7 


(a) The shear at cut off point does not exceed two- 
thirds that permitted including the shear strength of web 
reinforcement provided. | 

(b) Stirrup area in excess of that required for shear ~ 

‘and torsion is provided along each terminated bar over 
a distance from the cut off point equal to three-fourth the 
effective depth of the member. The excess stirrup arca 
shall not be less than 0-4 bs/f,, where 6 is the breadth of beam, s 
is the spacing and f, is the characteristic strength of reinfor- 
cement in N/mm?*. The resulting spacing shall not exceed 


d : : ' 
8 8; , where f, is the ratio of the area of bars cut off to the 
b` ` ' 
total area of bars at the section and d is the effective depth. 
(c) «For 36 mm and smaller bars, the continuing bars 
provide double the area required for flexure at the cut off point 
and the shear does not exceed three-fourths that permitted". 


A close study of these requirements shows that shear is 
playing an important role. In fact, when a curtailment is 
done, the complicated shear stresses are induced and must 
be resisted by suitable reinforcement. A designer can 
understand after solving some problems that curtailment: 
induces elaborate calculations. Then choice is left to the 

designer, whether he curtails the bars or not. After illustrat- x 

- ing one example, curtailment will not be done in this book. x 


| x 
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Consider a simply supported beam loaded with uniformly.: 
distributed loads as shown in fig. 5-8. If 50% bars are to 
be curtailed, theoretical cut off point can be found outa 
below. ; 


D w 
wg A Wap- 
I> 
K— X — 
rud LEE 


Curtailment of 50% bars 
Fic. 5-8 


Referring fig. 5-8, 
if A is the theoretical point of cut off, 
wlx — wx _ w? 
2 2 16 
This gives x = 0-1467 (or : approximately). From this 
point, bars are to be extended at least 12 b or effective depth 
whichever is greater. Then curtailment rules are checked. 
Example 5-2. 


If 2-16 & bars of Example 5-1 are required to be curtailed. 
Check the curtailment of bars. 


Solution: 


Theoretical cut off point = 0-146 x 4000 = 584 mm 
12 $ = 12 x 16 = 192 
d = 467. 


Curtailment can be done at 584 — 467 = 117 mm from 
the centre of the support. 


It can be seen that there is no meaning of curtailment 
in this case. 


Example 5-3. 


Design a simply supported tee beam of span 8 m and spaced 
at 3 m centres. The thickness of slab is 120 mm and total load 
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including self weight of beam is 28 kN]|m. Use curtailment rules. 
. The materials are grade M15 concrete and tor steel reinforcement of 
grade Fe 415. EN 


api m 


REQUE E EE 


MR 8 mc IQ — _ə a p 


(a) Loading 
12 kN 600 


112 kN 
(b) S.F. diagram 


3 kNm K-230 > 


(c) B.M. diagram (d) Assumed section 
Fic. 5-9 


Solution : 
Moment design: 


Assume depth = to i of the span i.e. 666 mm to 800 mm. 
Consider rib depth = 600 mm giving D = 120 + 600 


— 720 mm. 
Adopt bw = 230 mm. 


Assuming 2 layers of 20 mm (D bars, 
d = 720 — 25 — 20 — 10 = 665 mm. 
As a priliminary design, 


Dy 
assume lever arm = a — Oo 
= 665 — A0 = 605 mm. 
82 
Mmax — 28 X 8 — 224 kNm. 
~ 924 x 108 


— MEAN LUN = a3 
viscera eio LO Uam 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


162 Reinforced Concrete [ Ch. V 


Provide 6-20 @ giving As = 1884 mm*. 
Check for M.R. of section: 


For a tee beam, 
by = E + bw + 6D; and 4, > actual width of flange. 


y= + 330 +6 x 120 
2289 < 900018. A ennt ys Vere berms (O.K.) 
Use bs = 2280 mm. 


To determine whether the neutral axis lies in flange or 
web, moments of transformed areas are taken about the 
bottom of flange. 


For concrete flange, 
My, = 2280 x 120 x 60 = 1:64 x 107. 
For reinforcement, 
Mis = 18:66 x 1884 x (665 — 120) 
= 1:92 x 107 
Mis > Mi, 
N.A. lies in web. 


K———— 2280 (N.T.S.) —— 


| I— f. — 
; T 
BS 128.8 = 
TON i f'e — 0.07 f. 
665 
| T 
As = 1884 mm2 
K-230—1 
(a) Section (b) Stress diagram 
Fic. 5-10 š 


f. A 
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Taking moments about N.A. and neglecting the concrete 
in web portion, 

2280 x 120 (x — 60) = 18:66 x 1884 (665 — x) 

273600x — 16416000 = 23378368 — 35155x 

308755x = 39794368 

x = 128-8 mm. 

Depth of critical N.A. = 0:29 x 665 = 192-85 > 128-8 
J^. The beam is under-reinforced. 


To find c.g. of compressive forces, take moments about 
top flange. 


1 l 
fa. X = x + 007s x 22 l X 2 x 190 
y = ee Y Ú V 
120 n 
FER xd ome 
_ 2400/ + 336/;; 


-— 49:6 mmm. 
60; + 4-2, ee 


Lever arm = d — y = 665 — 42-6 = 622-4 mm. 
M.R. = Ay. cald — y) 
= 1884 x 230 x 622-4 x 1079 
== 269-7 kNm >> 224. kNm.......-. ss (O.K.) 
Thus section is verified. 
Curtailment of bars: 
50% of bars to be curtailed. "Theoretical point of cut 
off from support = 0-146 x 8000 = 1168 mm. _ 
12 b = 12 x 20 = 240 2 
dsp = 665. 
Curtail 3-20 $ bars at a distance 1168 — 665 = 503 say 
500 mm from centre of support. 
Check for development length: 
At support 4, = 3 x 314 = 942 mm? 
M, = 942 x 230 x 0-9 x 665 x 107% 
_ = 129-67 kNm (assume j = 0: 9) 
V = 112.kN. 
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As the ends of reinforcements are confined with com- “he 
pressive reactions, 


3 = TL La 
let L, = 12 $ 
129-67 x 10° 
then 13 X To x os, T 129 2 69 $ 
which gives 1505 2 57 $ 
or b < 26-4. 
$ provided is 20 mm............ QUIDNI (O.K.) 


At support, as the ends of reinforcements are confined 
with compressive reaction, shear at distance ‘d’ will be used. 


Then V = 112 —0:665 x 28 = 93:38 KN. 
1004; a 100 x 3 x 314 _ 0.69 
bd 230 x 665 
Te = 0:314 N/mm. 
Shear resistance of concrete 
` = x bd = 0-314 x 230 x 665 x 10-3 = 48-03 kN. 
V, = 93:38 — 48-03 = 45:35 kN. 
Using 8 mm @ two-legged stirrups, 
A, = 100 mm?, Os, = 230 N/mm? 
_ Ag. Sw d _ 100 x 230 x 665 


For a 230 wide beam from table 3-4, minimum shear 
reinforcement = 8 @ about 450 c/c or 6 p about 150 c/c. 


Provide 8 (p about 300 c/c. 


For minimum shear reinforcement 8 (p about 450 c/c, 
2 x 50 x 230 x 665 


— > 2 So (Sno Se -8 — 
V, E. x 10-3 = 33:99 KN. 


Total shear capacity of section with minimum shear 
reinforcement = 48:03 + 33-99 = 82:02 kN. 
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-Stirrups more than minimum are required upto 


s 19 89. 
+3 = = 1:07 m from support. 
No. of ‘stirrups required 
1070 
na ee 


Provide 8 mm (D about 300 c/c upto 5 no. then 8 mm 9 
about 450 c/c. 


Check for curtailment: 


Three checks are given in IS :456 out of which one 
is to be satisfied. 
(a) Shear at cut off point ` 
= 112 — 0:5 x 28 = 98 KN. 
Shear resistance of section 
= shear resistance of concrete + shear resistance of 
reinforcement 


d 
= Te bd + As os . — 
U 


100 x 250 x 665 
= 48-03 + "UE RUDI ae 
= 48-03 + 50-98 = 99 kN. 
Now shear at cut off point < $ x shear resistance 
of section 
or 98 < š x 99, not satisfied. 


(b) Moment at cut off point 
m 
— 112 x 05 — S x 28 
= 56 — 3-5 = 52:5 kNm. 
Steel required for this moment 
52:5 x 106 
= ———— = 38] 25 
230 x 0:9 x 665 ad 
The continuing bars shall provide double this area 
ie. 2 x 381 = 762 mm?. In fact continuing bars provide 


93 914.2 9049 mmt... u wie sein inns missin ania (O.K.) 
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However, shear at cut off point shall not exceed thrée- - 
fourth that E . 


-` 


i.c. 98 < _ x99 or 98 < 74-25. 
This is not satisfied. 


The above two calculations show that curtailment of 
50% bars cannot be done. Also it predicts that shear 
Capacity of the section has to be increased. Check (b) 
requires that shear capacity of section shall be increased by 
98 — 74:25 = 23-75 kN. 


Let us now try to provide excess stirrup area as per 
third check. 


(c) Excess stirrup area to be provided = = 
> 
- d: Asv . Osy » d 
The shear resisted by this area V, = =———— 
Sy 
Substitute Ay, = NNUS and s, = s 
f 
04 bs os. d 
V. = 
Lo 52 
= 04 bd C9), 


xx NS 
Now — for any steel is constant as b; is a factor of 
b, Osu 
safety. This factor of safety is equal to 1-8. 


0-4 bd bd 


Substituti = — — = — 
ubstituting, V; E: 15 


This means shear capacity of section is to be increased by Lt 
bd _ 230 x 665 
45 ANS 
Thus now stirrups to be provided for, 
45°35 + 34 = 79:35 kN. 
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Using 8.mm @ two-legged stirrups 
k: du. om.d _ 100 x 230 x 665 


iS Ver Eeee 
=192:75. 2 m Qa AT (1) 
Now resulting spacing shall not exceed = 
where Bp = . . area of cut off bars c = 0-5 in this case. 
total area of bars at section 
Now spacing’ m. = 166mm....2.:: 0:92 eee (2) 


8 x 0-5 
From (1) and (2), provide 8 mm (p stirrups about 160 mm c/c. 


3 : 
This excess area to be provided upto + the effective 


depth of member ie x 665 — 498 mm from cut off point. 


From support this is done upto 500 + 498 = 998 mm. Now 
minimum shear reinforcements are required upto a point, 
1:07 m from support. Therefore provide 8 mm (p about 
160 mm c/c upto 1:07 m, i.e. 7 no. 


Finally with 3-20 (Q bars cut off at 500 mm from the 
centre of support, stirrups provided are 8 mm (p about 160 mm. 
c/c upto 7 no. and then 8 mm @ about 450 c/c. 

Check for deflection: ue oss 
basic span/d ratio = 20 — 5, — 2280 
1004, _ 100 x 6 x 314 > 
bd . 2280 x 665 


Modification factor = 1:9 


= 0:125. 


bw 230 
— = —_—_ = 0:1. 
by 2980 


Reduction factor = 0-8 
span/d permissible = 20 x 1:9 x 0-8 = 30-4 


8000 
actual span/d ratio = -ccc- = 12:03 < 30-4.... (O-K.) 
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Check for cracking: i 

230 — 50 — 3 x 20 
i 2 

= 60 mm < 180 mm. 


Also clear distance between bars is more than 
minimum required for, concreting. 


Clear distance between bars = 


The check for cracking is usually not critical for beams. 


For beams, the check for minimum clear distance between 
bars as explained in art. 2-4 is more important; e.g. in this 
beam all six bars cannot be placed in one layer. 


Use 2-10 (D bars as top anchor. The beam section 
and elevation are shown in fig. 5-11. 


| 420 e pin 
(3 full + 3-7000 long) JE: 
K— ————— 8000 c/c — ` Rh 
: 230 
(a) Beam elevation (b). Section . " -al 


| Fic. 5-11 
Supplementary details: 


(1) The beam is resting on masonry walls and a bed 
block or template has to be designed to distribute a heavy 
load on walls. 


(2 IS : 456 does not give any recommendation for top 
anchor bars in beam. It is recommended by the author to 
use 8 mm $ bars for a depth upto 450 mm and 10 mm $ 


bars for a beam of depth above 450 mm as anchor bars for 
normal use. 


(3) For the normal cases, the curtailment of positive 
bars in beam leads to an elaborate calculations and economy 
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tending to zero e.g. in above example 3-20 @ bars of (500 
. mm + 300 mm beyond centre of support) 800 mm length 
.are saved. This is equal to a saving of 3 x 0:8 x 2-46 
-kg/m = 5-9 kg mass of steel. However, excess stirrups (7 — 5 
= 2) 2 .no. are provided. Additional mass of stirrups will 


? 
be ooo. 2 (230 + 720) x 0-395 kg/m = 1-5 kg and a net 


saving of 5:9 —1.5 = 4-4 kg is achieved on one side. 
For one beam this saving would be 8:8 kg total. From 
this data it reveals that curtailment of the bars in the beam 
may be left to designer's choice. 


Practical notes: 


(a) Width ofbeam: It is a modern practice to use. 
flush type construction i.e. when a beam is running in a line 
.of masonry wall, it should not be projected out. This 
restricts the width of beam equal to the unplastered thickness 
of wall. Usually the walls are 115 mm, 230 mm or 350 mm 
thick. 


(b) Concrete shall be as far as possible, machine mixed 
and if hand mixed, 10% additional cement shall be used. 


: (c) Use of vibrator to have good compaction is always 
necessary. 


5-8. Design of a lintel: The lintel is a beam which 
supports bricks or other masonry over a door or window 
opening. ` Nem | Eo 

Loads: The brick masonry transfers its load by arch 
action. Hence, the load on a lintel from masonry shall be 
of triangular shape. This fact may be verified by studying 
the settlement of lintel of an old building where a perfect 
triangle over a lintel may be observed. For good masonry 
work the height of the triangle is taken as one-half the base 
i.e. base angle of a triangle is considered as 45°. For poor 
masonry this angle may be considered as 60°. If a slab 
transfers the load within the height of a triangle, the loads 
from slab also shall be considered in the design of lintel. An 
example of lintel loading is illustrated in fig. 5-12. To get 
the perfect arch action, the height of masonry above lintel 
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shall be at least 14 times the height of triangle considered 
above. Otherwise a rectangular load of masonry above 
lintel shall be considered. | 


HOF ni e — 


M— — pan +—— —»3 


D resOpening in masonary-»ie» 5 


..Example of lintel loading 
Fic. 5-12 


Size: The width of lintel is equal to the width of wall. 
The depth usually is taken as span/12 rounded to the brick 
layer size, e.g. one brick layer of traditional brick measures 
:76 mm + 12 mm mortar. Then for a lintel, for a width of 
opening upto 900 mm, one layer thickness can be adopted. 
This is done to facilitate the masonry workinalevel. .  — 


Example 5-4. 


Design a lintel to support a 230 mm thick brick masonry wall 
over a 2-0 m opening. The materials are grade M15 concrete and 
mild steel reinforcement. >J 


Solution: 
Width = 230 mm 
Depth = ar = 16:66 mm 


or 2 brick layer + 1 mortar layer 
2 x 76 + 13 = 165 mm. 


Use overall D = 165 mm. 
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Span of lintel — 2-0 is 0: 165 = 2:165 m say 2:17 m. 
The loading is shown in fig. 5-13. 


Density of masonry work with plaster may be considered 
as 20 kN/m’. 
Self wt. of lintel = 0-165 x 0:23 x 25 = 0-95 kN/m. 
Weight of masonry — x 2:17 x 1:085 x 0-23 x 20 
— 5:42 kN. 


2:17 2d 5:42 
Shear force — 0:95 X + — > 


= 1:03 + sa = 3:74 kN. 


1-085 
B.M. = 095 x 27 4 271 x 1:085 — 2°71 x — 


3 
n kNm. 
required for singly reinforced section 
9-52 x 108 
— ——— -— 112 
0-87 x 230 
dprovided = 165 — 15 (cover) —5 (use 10 $ bars) 
"5 1B mm yeas assu vu ies sp ode (O.K.) 
2.52 x 109 | 


pe, AP 2 i > = 
A, = 140 x 0:87 x 145 


a 
Provide 2 no. 10 mm $ = 157 mm. 
CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Goss Kosha 


172 Reinforced Concrete : [ Ch. Vv 


157 x 100 
t= 930 X 145 ^ 0:47 > 0-34 : z 
(minimum reéquirement).. sararem trainnse (O.K.) 


Check for development length: 


M; = 157 x 140 x 0:87 x145 x 10-9 = 2-77 kNm. 
V = 3:74 kN. 


= 12 > (assume) then 1:8 = + L, > Ly. 


For M.S. Lg = 58 $ 


2-77 x 105 
1: 4 EUN NS 
REC As oT 12 $ > 58 $ 


962 2469 
$ « 20:9. 


Provided diameter — 10 mm. 


r 269 


6 $-9-230cfc - 


. Stirrups 


(a) Elevation (b) Section 
Fic. 5-14 z 


Check for shear: 


S.F. at distance d, neglecting small triangular load 
= 3°74 — 0:145 x 0-95 = 3-6 kN. 


Sy = 0:47, Te = 0:28 N/mm?. 


~ 3:6 x 103 
To = 230 X 145 = 0108 N/mm? < T, 
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This is a lintel and also t, < 0:5 t,. There is no need 
s. Of. providing shear reinforcement and like a slab only distri- 

‘bution steel may be provided. However, for a lintel of depth 
greater than 76 mm, it is usual to provide some shear reinfor- 
cement. The spacing can be more than minimum shear 
reinforcement required. 


Provide 2-8 top anchor bars, 2-10 bottom bars and 
6 mm 4$ two-legged stirrups about 230 c/c. 


Check for deflection, cracking etc. can be made as usual. 
The section is shown in fig. 5-14. 


CANTILEVER BEAMS 


5-9. Design considerations: The design principles of 
- the cantilever beams are same as simply supported beams. 
However, some points of consideration are: 


(a) Even though the deflection check is satisfied, usually 
a camber is provided under a beam. Camber is a term 
applied to the slight upward curve of a beam made in 
construction such that on loading it will straighten out and 
attain its correct shape. For the long span simply supported 
beams, continuous beams, cantilever slabs etc. also this can 
be done. | 

(b) Designer shall be satisfied in providing sufficient 
anchoragement of bars. 

(c) Stability of a structure with respect to over- 
turning is an important thing when an overhang is designed. 
According to clause 19.1 of IS :456, : h 


‘The stability of a structure as a whole against overturning 
shall be ensured so that the restoring moment shall be not 
less than the sum of 1:2 times the maximum overturning 
moment due to the characteristic imposed loads. In cases, 
where dead load provides the restoring moment, only 0-9 
times the characteristic dead load shall be considered. 
Restoring moment due to imposed loads shall be ignored. 

The anchorages of counter-weights provided for over- 
hanging members (during constructon and service) should 
be such that static equilibrium should remain, even when 
overturning moment is doubled”. 
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"ea 
" 


d^ 


Example 5-5. 


An overhanging beam BC is shown in fig. „5-15. Find ‘out 29 
minimum counter-weight w if it has to be safe against overturning; ` ` 


[° kN/m si 5 kN/m [r kN 


B| une 
8— Y  Tm——— F 15m ——» 


Fic. 5-15 


Solution : 


Overturning moment = 6 x 1-5 + 5 x = 


= 9 + 5:625 = 14-625 kNm. 


Static equilibrium shall be there even if this moment 
is doubled i.e. M = 2 x 14-625 = 29-95 kNm. 


To find minimum counter-weight w means reaction at A 
shall be zero (shall not be negative). 


Reaction at A = “xs = e: = 
OR w = 3:66 kN/m. 


The counter-weight in portion AB shall be more than 
3-66 kN/m. ; 


Example 5-6. 


Design a cantilever rectangular beam of span 3 m and carrying 
a U.D.L. of 8 kN|[m. Assume that sufficient safety against over- 
turning is there and reinforcement anchorages are also available. Use 
MIS grade concrete and mild steel reinforcement. 


Solution: a 


Assume an initial trial section of 230 mm x 600 mm 
overall depth to consider self weight. 


Then self wt. = 0:98 x 0:6 x 25 = 3-45 KN/m. 
Total load = 8 + 3-45 = 11-45 kN/m. 
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2S. F.— 3 x 11-45 = 34-35 KN. 


A [1.45 kN/m 


k— 3m — Ti 


(a) Loading diagram 


(b) Shear force diagram 


(c) Bending moment diagram. 


Fic. 5-16 


; 2 
B.M. = 11:45 X > = 51.53 kNm. 


. 6 
Depth required — T C — 507 mm. 
| Using one layer of 20 mm $ bars and overall depth of 550 mm. 
d — 550 —25 — 10 — 515 mm. 
51:53 x 10$ | 
ds = 349 x 0:87 x 515 
Provide 3-20 $ giving As = 3 x 314 = 942 mm’. 


Check for development length: 
822 


i E — = 1222 N 2: 
Stress in bar — 140 x 949 122-2 N/mm 


_ > x 1222 
474 x06 
The bars shall extend into the support for a straight 


length of 1020 mm. Provide anchorage of 1200 mm. If - 
for some case the bars are to be bent; e.g. anchored in column,. : 


= 822 mm*?. 


—51 b —51x920—1020 mm. 
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the bearing stress. around the bend has to be checke A 
discussed in chapter 3. 


Check for shear: 


34-35 x 103 š 
t= 330 x 515 9 N/mm*?. 
1004, 100x942 4, 


bd 230 x 515 
Te = 0:346 N/mm’. 


To < Te provide minimum shear reinforcement. For 
230 wide beam, provide 6 mm 4$ about 150 c/c. 


Check for deflection: 
basic span/d = 7 


100 = = 0:8 .. modification factor = 1:54 
span/d permissible = 7 x 1-54 = 10-78 
actual span/d ratio = = 5-82 < 10:79...... (O.K.) 


(a) Elevation (b) Section 
Fic. 5-17 | 


Check for cracking: 
230 —50 —3 x 20 


2 
= 60 mm < 300 mm...... (O.K.) 


The beam elevation and section are shown in fig. 5-17. 


Clear distance between bars — 
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EN Note: ‘The anchorage shown is minimum and assumed 
that sufficient counter-weight i is available. However, unless 
a concentrated load is acting in this region of counter-balance, 
it is very difficult to achieve equilibrium with a double over- 
turning moment. In practice, as a thumb rule anchorages, 
of 1-5 times the cantilever length are given to such beams 
(provided that it satisfies the minimum anchorage require- 
ments) i.c. 4-5 m for this case. Even after the concrete has 
attained its sufficient strength, the centering of beam shall not 
be removed unless, the counter-weight is achieved. 


CONTINUOUS BEAMS 


5-10. Introductory: The continuous beams can be 
analysed by the elastic theory applicable to homogeneous 
material. These beams are frequently occurring in cast-in 
situ construction. Consider the R.C.C. floor as shown in 
fig. 5-18. 


K——— 6m — — —F— 6m — ——6m > 


Typical .cast-in-situ R.C.C. floor 
| Fro. 5-18 
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Span of the slabs is one way. The beams B,-B;-B; 
are the floor beams and may be designed as continuous beams 
` capable of free rotations at the supports like By. and B;;. "The 
beams J,-B,-B,; B,-B,B,;  By-By-Biy and  By-Byuc-By 
are supported on columns. These beams together with 
columns shall be designed as continuous frames. 


5-11. Analysis parameters: Important analysis 
parameters are summarized as follows: 


(a) Effective span: In case of continuous beam or 


slab if the width of the.support is less than 3s of the clear 


span, the effective span shall be taken as clear span plus effec- 
tive depth of slab or beam or centre to centre of supports, 


whichever is less. However if the supports are wider than 5 
the clear span or 600 mm whichever is less, the effective span 
shall be taken as under: 


(1) For end span with one end fixed and the other 
continuous or for intermediate span, the effective span shall 
be the clear span between supports. 


(2) For end span with one end free and other continuous, 
the effective span shall be equal to the clear span plus half 
the effective depth of beam or slab or the clear span plus half 
the width of discontinuous support, whichever is less. 


In the case of spans with roller or rocker bearing, the 
effective span shall always be the distance between the centres 
of bearings. | 


(3) In the analysis of a continuous frame, centre to. 
centre distance shall be used. 

(b) Stiffness: The relative stiffness of the members may 
be based on the moment of inertia of the section determined 
on the basis of any one of the following definitions. 

(1) Gross section: The gross section of the member 
ignoring reinforcement. | ! 

(2) Transformed section: The concrete cross-section 


plus the area of reinforcement transformed on the basis of 
modular ratio. 
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 "W(3) Cracked section: The area of concrete in compre- 
ssion plus the area of reinforcement transformed on the basis 
of modular ratio. 

The assumptions made shall be consistent for all the 
members of the structure throughout the analysis. However, 
for deflection calculations, appropriate values of moment of 
inertia as specified in appendix B of IS : 456 should be used. 


The first definition is generally used in analysis of 
continuous beams. For a rectangular section, the moment of 


inertia is p 6D*, while for a flanged beam this shall be 


separately worked out. After arriving the width and thickness 
of flange, the centroidal axis is found out and about this axis 
the moment of inertia is found out. For ready reference, 


P eee dik ars 
graphs of ratio ^E verses coefficient X, are given in chart 88 


w 
of SP : 16. Then moment of inertia of a flanged beam will be 


tux = b, Dš. 
Example 5-7. 
Find the moment of inertia of a flanged beam shown in fig. 5-19. 
k—— by = 1580. (NT$) ————»} 


D, = 100f 


— : 
by = 250 
Fic. 5-19 


Solution: 
Taking moment about top flange, | 

1500 x 100 x 50 + 250 x 400 x 300 = 150 
F 1500 x 100 4-250 x 400 — 
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L. = 1 x 250 x 500? + 19250 x 1002 j 
| — (1500 x 100 + 250 x 400) X 150? 
= 10-4 x 109 + 0-49 x 10° — 5-62 x 10° 


= 5:2 10? mm*. 
Or using chart 88 of SP : 16, 
Dr OOS sn ' by = 1500 | 
Dui o. o 0 
Ir — 2 
I= 2 x s X 250 x (500)? 


— 5:9 x 10? mm*. 


5-12. Structural frames: The following simplifying 
assumptions may be used in the analysis of frames. 


Arrangement of live load : | 
(a) Consideration may be limited to combinations of: 


(1) Design dead load on all spans with full design live 
load on two adjacent spans. 


(2) Design dead load on all spans with full design live . 
load on alternate spans. 


For a three span continuous beam the above requirements 
are shown in fig. 5-20. 


Case 1 gives the load arrangement to get maximum 
negative moments at supports while case 2 gives the load 
arrangement to get maximum positive moments at mid-span. 


(b) When design live load does not exceed three -fourths 
of the design dead load, the load arrangement may be design 
dead load and design live load on all spans. 

Note: For beams and slabs continuous over support (a) may be used. 


Considering fig. 5-18, the load arrangement in (a) is 
applied to continuous beams like B;-B,-B, and B,-B;-Bg- 
If the design live load does not exceed three-fourths of the 
design dead load, then, for beams like B,-B,-B;-(b) may 
be used. However for beams like B,-B,-Be, supported on 
main beams, discussion in (a) shall be used. 
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The close observations of fig. 5-18 shows that beams 
like B,-B,-B, are framed with column which restricts 
the rotation of the beam at the supports. "Therefore, load 
arrangement as described in (b) is permitted. For the 
beams like JB,-B,-B,, the rotation is not restricted and 
the beams are capable of free rotation at supports. Hence, 
for these beams load arrangement (a) shall be used. Note 
that load arrangement (a) requires four moment distributions 
to get maximum moments at different points while the load 
arrangement (b) requires only one moment distribution. 


DL+LL DL + LL DE 
(a) 
DL DL + LL DL + LL 


| | (b) | | 


Casel DL- LL on two adjacent span 


DL +LL DL ` DL + LL 
(c) ( 
DL DL + LL DL 


Case 2 DL + LL on alternate span 


Arrangement of live load 
Fic. 5-20 


Substitute frame: For a multi-storeyed frame, the 
analysis of moments and shears due to gravity loads can be 
done at a time for a whole frame using computers. However, 
this is clumsy and may involve serious mistakes if done 
manually. Therefore, to analyse a particular floor, a sub- 
stitute frame is used. In this, for determining the moments 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


, 
* 


182 ` Reinforced Concrete “{Ch. V À 

? xU D 
and shears at any floor or roof level due to gravity loads, the 
beams at that level together with columns above with their 
far ends fixed may be considered to constitute the substitute 
frame e.g. for a multistoreyed building shown in plan süch 
as in fig. 5-18, if the storey height is 3-2 m, the substitute 
frame for beams B,-B,-B, of intermediate floor is shown in 
fig. 5-21. 


B p loads (gravity loads) 


K———6m 


»H———— 6m — —«— —6m———» 
Typical floor substitute frame for beams B,-B,-B, 
Fic. 5-21 


The above discussion was made for gravity loads. For 
lateral loads such as wind and earthquake loads, the whole 
frame may be analysed by simplified methods such as portal 
method or cantilever method or any other method. When 
the frame is unsymmetrical or structure is very pue more 
rigorous methods should be used. 


9-13. Moment and shear coefficients for continu- 
ous beams: Unless more exact estimates are made, for 
beams of uniform cross-section which support substantially 
uniformly distributed loads over three or more spàns which 
-do.not differ by more than 15 per cent of the longest, the 
bending moments and shear forces used in design may be 


obtained using the coefficients given in table 5-1 and table 5-2 
respectively. Fr 


For moments at supports where two unequal spans mect 
or in case where the spans are not equally loaded, the average 


of the two values for the negative moment at the pupponi may 
be taken for design. s 
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~ 
NS. š 


” Where coefficients given in table 5-1 are used for calcula- 
tion of bending moments, redistribution of moment shall not 
be. permitted. 

Where a member is built into a masonry wall which 
develops only partial restraint, the member shall be designed 


: : y 
to resist a negative moment at the face of the support of OR? 


where W is the total design load and / is the effective span or 
such other restraining moment as may be shown applicable. 
For such a condition shear coefficients given in table 5-2 at 
the end support may be increased by 0-05. 


TABLE 5-1 
BENDING MOMENT COEFFICIENTS 


Span moments Support moments 


Near middle At middle | At support At other 

of end span of interior | next to the interior 

. span end support supports 
IS Task A re 


Type of load 


: 1 

Dead load and imposed | TAL TEES uu as 
load (fixed) PE "34 10 12 
l ian l l 
Imposed load (not fixcd) 3r To T T sg —9 


mandan U CR U eU — 


Note: For obtaining bending moment the coefficient shall be multiplied by the 
total design load and effective span. 


TABLE 5-2 
SHEAR FORCE COEFFICIENTS 


. At end SN suppers next to At all other 
Type À load support Eire en S rd | supports 
Ü side side 
CN EE | p. eu a NU 
imposed: load (fixed) " 04 0:6 0-55 0-5 
Tea s 0-6 0-6 0-6 0-6 


a MEUM Le 


Note: For obtaining the shear force, the coefficient shall be multiplied by the 


total design load. š 
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5.14. Critical sections for moments and shears. | 
These are covered in clause 21.6 of IS : 456 and are given 
below: 


(a) Moment: For monolithic construction, the moments 
computed at the face of the supports shall be used in design 
of the members at those sections. For non-monolithic 
construction the design of the member shall be done consi- 
dering the effective span as previously defined for simply 
supported beam. 


The above statement suggests for the frames -that when 
moment distribution of the frame is done on the basis of 
centre to centre distance, there can be a reduction in negative 
moment. ‘This implies automatically that there can be a 


reduction to the positive moment also. The reduction to 
7 


; . VLa i 
the negative moment is =a and to the positive moment it 


shall be a where V is the shear force at. the support and 


La is the width of the support in the direction of span of the 
beam. In the examples that follow, this correction is not 
introduced. The reader may refer, Continuity in Concrete 
Building Frames” by Portland Cement Association, U.S.A. 
for further studies. 


(b) Shear: The critical section for checking shear 
shall be as explained for simply supported beams in art. 5-3. 


5-15. Redistribution of moment: For a continuous 
beam ABC as shown in fig. 5-22, prior to failure, a hinge is 
formed at the point of maximum moment at support B. This 


: wim 
| A i | B | C 
— — I— — y “r Hh I — 
Fic. 5-22 


will increase the positive moment in the span AB and BC. 
In other words, the moment redistribution takes place. This 
behaviour of materials can be utilised in design where a 
hogging moment as obtained by elastic analysis is reduced to a 
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desired value and span moments are calculated using this 
modified moment at support. 


Theoretically speaking a hinge can be formed at point B. 
This kind of the analysis is developed for the design of steel 
sections. Flor concrete, however the following points shall 
have to be considered: 


(1) There should not be serious cracking in the concrete. 
(2) There should be adequate ductility at the hinge 
point. | 
To ensure above limitations, code permits the moment 
redistribution to 15 per cent for elastic theory of design and 
30 per cent for limit state method of design subject to some 
requirements discussed in clause 36.1.1 of IS : 456. 


5-16. Negative moment: ‘“orcement: Atleast one- 
third of the total.reinforcement provided for negative moment 
at the support shall extend beyond the point of inflection for a 
distance not less than the effective depth of the member or 
one-sixteenth of the clear span whichever is greater. 

In normal cases, the point of inflection lies at 0-15 / from 
the continuous support. .In most cases if the bar is extended 
for 0-1/ from this point, the above requirements are satisfied. 
Therefore, the bars are extended from centre of the support 
upto a distance equal to 0:25 / where / is the span of the 
' beam. A typical continuous beam reinforcement details are 
illustrated in fig. 5-25. 

Stirrups «— 0.25 E —2— 0.5 £ — 
| [TA m TA + BU + ET 


p —— £——» 


< 
TA = Top anchor bars ET = Extra top bars 
BS = Bottom straight bars EB =.Extra bottom bars’ 


Typical reinforcement in continuous beant' : 
Fic. 5-23 
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5-17, Further discussion of Tee beam: Consider 
a beam B,-B,-B, in fig. 5-18. A line diagram of this beam 
is shown in fig. 5-24(a). Consider points E, For G. At this 
section, the moment is positive which induces compression 
at top. At top, the concrete of the flange area is available 
and the beam acts as a tee beam. Now consider a section 
nearthesupport BorC. Atthissection the moment is negative 
inducing compression at bottom. The slab concrete is not 
available in compression zone of this section and the beam 
acts as a rectangular beam. 


^ 


E F G 
A | B4 B B; C Bs D 
(a) Contino beam B4-B5-Bs 


* 
-~ 


A. Bis B Bis C Bis D 
(b) Continuous beam B)3-Bi 4-8); 


Fic. 5-24 


Now consider beam 4B,,5-B,,-B,, as shown in fig. 
5-24(b). The beam acts as a rectangular beam at a section 
near the support B or C as discussed above. At point E, F 
or G the beam acts as a tee beam. However, in this case as the 
main reinforcement of slab is parallel to the beam, transverse 
reinforcement shall be provided as shown in fig. 5-25. Such 


L 
ee 


L= span of slab 


— Beam Bis 


Section at Eof beam Bi; 
Transverse reinforcement in flange of 7 beam when 
main reinforcement of slab is parallel to the beam 
Fic. 5-25 
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| wh 
reinforcement shall not be less than 60 per cent of the main 
reinforcement at mid span of the slab. ' 


Example 5-8. 

An R.C.C. floor is used as a banking hall and plan is shown 
in fig. 5-18. Design beams B,-B;-B,. The materials are grade 15 
concrete and tor steel reinforcement of grade Fe 415. Use live load 


3 KN|[m?*. Slab thickness is 120 mm and depth of rib is restricted 
to 450 mm. 


Solution: 
(a) Estimation of loads: 
Slab 120 mm thick 0:12 x 25 — 3 kN/m? 
Floor finish = 1 kN/[m* 
Live load ANY ae 
Total (4 + 3) kN/m* 
Load on beam = 3 (4 + 3) 12 +9 kN/m 


2:58 +0 kN/m 


Total (14:58 +9) kN/m 
DL LL 
In this case one observes that the design live load is | 

not exceeding three-fourth the design dead load (0-75 x 14-58 
= 10-95 kN/m). However this is a continuous beam and not 
the part of a frame, the arrangement of loads shall be as per 
a(l) and a(2) of art. 5-12. Instead of doing _ analysis 
for all cases involving four moment distributions, the 'coeffi- 
cients given in code shall be used. Also note that redistribution 
of the moment is not permitted when the coefficients are used. 


Self 0-23 x 0-45 x 25 


š 9) RN ; 
d ) kN/m K—1650 (NT.S]— 


120 
E "E SE G T | 
| 450 
A B C p i 


K—— 6 m ——«——6 m —»1—— 6 m —» . —3230«— 
'. (a) Beam loading (b) Assumed section 
| Fic. 5-26 
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(b) Analysis for shear and moments: die 
Using coefficients, | 
Moments: 


M, = o= — X 1458 x 6 + ig x 9 x 6? 


= 43:74 + 32:4 = 76:14 kNm: 
l ] 
aS . 2 — 2 
Mr = 95 x 14-58 x 6 ++ x 9 x 6 
= 21-87 + 27 = 48:87 kNm. 
l a 
M, = Mo = = x 14:58 x 6'— ç X X 9 ye 6% 
= — 52-49 — 36 = — 88-49 kNm. 
Shears: 
Van = Voc = 04 x 14:58 x 6 + 0:45 x 9 x 6 
= 35 + 24-3 = 59-3 KN. 
Vaga = Voy = 0:6 X 14-58 X 6 + 0:6 X 9 X 6 
= 52:5 + 32:4 = 84-9 kN. 
Vac = Ven = 0:55 x 14:58 x 6 + 0:6 x 9 x 6 
= 48:1 + 32-4 = 80:5 KN. 
(c) Design for moment: 
Span: AB: 


Maximum positive moment = 76-14 kNm. Beam is 
acting as tee beam. 


l 
by = E + bw + 6 Dy 


= vixen + 290 + 6 x 120 = 1650 mm. 
depp = 570 — 25 — 10 = 535. 
Assume lever arm = d -—. 
i 76:14 x 108 ! 
: = eC r 
eee oso ease) O Dum 
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Provide 4-16 mm (p = 804 mm*. 


"^ To find N.A. taking moment about N.A. 


1650 - x- Č = 18-66 x 804 (535 — a) 
x2 — 9732 — 18:2 x 


which gives x — 90 mm. | 
Depth of critical N.A.=0:29 x 535 = 155-15 mm. 
The section is under-reinforced. 


M.R. = As oa (d — 3 ) 
`= 804 x 230 (535 — 30) x 10-75 


= 93-38 KNm > 76:14 kNm. ....... «s (O.K.) 
.7 Adopt 4-16 mm Q. 
Span BC: 
: d ë 6 
A 48:87 X 10°) ,,7 imm? 


st — 930 (535 — 60) 
Provide 3-16 mm @ = 603 mm? . 
0-205 


Minimum steel — 00 x 930 x 535 = 252 mm* 


Support B or C: 
M = 8849 kNm. 
The beam acts as a rectangular beam. 
M $8849 x 10° 
dà ^ 290 x 535° 
Design as a doubly reinforced beam. 

M, = 0:66 x 230 X 5352 x 10-9 = 43-45 kNm 

M, = 88:49 — 49:45 = 45:03 kNm 

= RR ee ue a 392 mm*. 
s1 = 930 x 0-9 x 535 


Let the compression reinforcement be provided at 
d' = 40 mm from extreme compression fibre. 


— 1:34 > 0:66. 
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45:03 x 109 
= -zn rea: = 896 2: 
Then Asto 230 (535 — 40) mm 
Corresponding compression steel. 
M, 


X 
(1:5 m — 1) Ocho ( 


Ag, = 


a es (d — d') 


x = 0:29 x 535 = 155:15 mm. 
45:03 x 108 | 
155:15 —40) 


Coss —) (685—40) 


As, = 
(1-5 x 18:66 — 1) x 5 x 


= 908 mm? 


Ay = Asn + Ast 
= 392 + 396 = 788 mm2. 


Bottom bars of 4-16 mm (D will be used as compressive 
reinforcement plus 1-16 mm (D shall be used as extra bottom 
bar, totally giving 804 + 201 = 1005 mm?. At top provide 
4-16 mm (p. = 804 mm? (tension). | 


Comment: When a doubly reinforced beam is designed 
using elastic theory, larger compression reinforcements are 
required as compared to the section designed by limit state 
theory, e.g. the section at support B, while designing with 
limit state method is a singly reinforced section having a 
tension steel of 850 mm? (refer Ex. 9-6) and does not require 
any compression steel. In practice, usually a limit state 
method is used which gives most economical section. 


(d) Check for development length: 


Support A, 
V = 59-3 kN 
M, — 4 x 201 x 230 x 0:9 x 535 x 10-8 = 89 kNm. 
Service stress — 230 x = = 199-4 N/mm? 
TAA p x 199-4 


Ramp. 99 e. 
M, | 
Now 13-7 + L, > L 
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"assuming Lo = 12 > 
EN 6 
18 X oe 12 $ > 59:3 é 
1951 123 47:9- $ Or d « 4 ps acs te as sions ee ES (O.K.) 
Span AB: 
Point of contraflecture at 0:15 / = 0:9 m from support B, 
V = 84-9 — 0:9 x 23-58 = 63-68 kN. 
L, in this case is 12$ = 12: x 16 = 192 mm 
or dç; = 535 whichever is greater. 
L = 535 mm. 


pa ip Sy 


89 x 10$ i 
1:3 x 63-68 x 103 + 535 2 59.3 p ` | 
SCIT TET EMEN n. (O.K.) 


Span BC need not be checked. 


(e) Check for shear: 

Span AB, at support A: As the reinforcements are 
confined with compressive reaction, shear at distance d will 
be checked. "ES 
V = 59:3 — 0-535 x 23-58 = 46:68 KN. 

100 A, 100 x 4 x 201 


BUSSES te opio Uie ees — (it 2 
» 930 x 585 0:65 and T, = 0:32 N/mm 


Shear resistance of concrete — 0:32 x 230 x 535 x1073 
A = 39-38 kN. j 
V, = V — Te bd = 46:68 — 39-38 = 7:3 kN. 
For 930 wide beam, minimum shear reinforcement from 
table 3-4- is 6 mm $ about 150 c/c (mild steel) for which 
_ 140 x 56 x 535 ,, 19-3... 97.96 KN. 
s 150 
Provide minimum shear reinforcement ie. 6 mm > 
about 150 c/c. 
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"Í 


At support B, Via = 84- 9 kN. , gee 

At distance d, V =: 84-9 — 0:535 x 23-58 = 72-98 kN. 

Shear resistance of concrete = 39-38 kN. 

Shear resistance provided bv minimum shear reinforce- 
ment — 27-96 kN. 

Shear resistance of a section with minimum shear rein- 
forcement = 39-38 -+ 27-96 = 67-34 kN. 

84-9 — 67-34 


This occurs from support at >= BEET 7 0-74 m. 


At distance d from support 
V = 72:28 kN. 
Tcebd = 39-38 kN. 
V, = 72:28 — 39-38 = 39-9 kN. 
EK. 140 x 56 x 535 
” *829'x 108 
L == 127-5 mm. 
Provide 6 mm $ about 120 clc. 
This is required upto 0-74 m, provide e + 1 = 8 no. 
Then provide 6 mm # about 150 c/c minimum shear 
reinforcement. ; 
Span BC, at B, V = 80-5 kN. 
At distance d, 
. V = 80:5 —0:535 x 23-58 = 67-88 kN. 
100 4; 100 x 3 x 201 
bd ^ 230 x 585 
T; = 0-29 N/mm? 
t-bd = 0:29 x 230 x 535 x 10-3 = 35-68 kN. 
V, = 67:88 — 35-68 = 32-2 kN. 
Using 6 mm 4 stirrups, 
140 x 56 x 535 
"= 822 x 105 
— 130-2 mm oe és 


= 0-49 
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"Provide 6 mm 94 about 120 c/c. 
With minimum shear reinforcements, the shear capacity of 
section = 35:68 -+ 27-96 = 63-64 kN. 

80-5 — 63-64 


This occurs at — as aE 0:72 m from support. 


0:72 
Provide — + 1 = 
rovide 012 ^ ] — 7 no. 


Provide 6 mm $ about 120 c/c 7 no. and then 6 mm m 
about 150 c/c. The shear force diagram is drawn in 
fig. 5-27. 


593 kN : 


k— a —<— 
073m 0.7m 


S.F. diagram  . 
Fic. 5-27 


(f) Check for deflection: 
Span AB has larger reinforcement and area is critical. 
Basic Tt ratio = 26. 


1004, _ 4 x 201 x 100 
bd 1650 x 535 


Modification factor = 2 


= 0:09 


bw 230 
— = ——[ = 0:4 
b, 1650 


Reduction factor — 0:8 
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spat permissible = 26 x 2 x 0-8 = 41-6 


d 
span |. 06000  ... 
actual d ratio — 535 7 11:2 — 41:6. 


The beam is safe w.r.t. deflection. 
(g) Check for cracking: | 
230 —50 —4 x 16 


3 
= 38-66 < 180 ...... (O.K.) 


. Beam is satisfactory w.r.t. cracking. 


Clear distance between bars — 


Also minimum distance between bars 
(1) 16 mm ($ of bar) 
(2 20 mm (max. size of C.A.) 1 5 = 25 mm. 


As the distance ‘between bars is 38:66 mm, this is also 
satisfied. 


(h) Sketch: The sketch of designed beam is shown in 
fig. 5-28. 


2.10 @ throughout 2.0 
4-l6 extra at top 


* 
150 
a 463 450 
ie l6 extra at bottom 
I——— 6000 ——>«—. 6000 >> 


5 dal |6 64 656 6 
E| no. @ 8 7 rest K-230— 
e| c/c 150 120 | |120 150 


(a) Beam section (b) Section AA 
Fic. 5-28 
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(yx Supplementary details: 
(1) The beam is transferring the loads to the main 


beam and the reactions of this béam will be point loads for 
- beams By. and Bis- 


The point load on beams By, By, or Bio will be 59:3 kN. 


The point load on beams £45, By, or By; will be 84-9 + 
90-5 = 165-4 kN. 


(2) This beam is designed only for gravity loads. For 
the lateral loads like earthquake or wind loads this will not 
be designed. Even if it is asked to design the frame 
for the lateral loads, these beams will be considered ineffective 
for lateral loads. In fact for the lateral loads, the whole 
slab is acting as a wide beam and transfers the lateral 
loads to the main beams, which are framed with columns. 
Therefore the beam like B,-B,-B, shall be designed for 
lateral loads. In this book, the study is limited to gravity 
loads only. 

Example 5-9. 

Design the beams By5-By4-Bys of fig. 5-18 for the typical 
floor level. The building is a four storeyed building having a floor 
height of 4-2 m. Toilet and staircase block is a separate unit 
from this structure and is not considered for convenience. The size 
of rib may be taken as 350mm X 600 mm. Size of the columns 
is 350 mm X 350 mm. 


Solution : š 
Using the substitute frame, the beam is shown in fig. 5-29. 
The loads are point loads from floor beams and self uniformly 
distributed load = 0-35 x 0:6 x 25 = 5:25 say 6 kN/m. 
Point load from Ex. 5-8 = 165-4 kN say 166 KN. 


In this case, the beams are rectangular beams and hence, 

` moment of inertia will be 5 bD3. However if the beams 

B,-Bs-By were to be designed, moment of inertia of beam 
would be that. of tee beam. 


1 
M.I. o[ beam = 19 x 350 x 720? = 1-089 x 107? mm?. 
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PE 


I 1089 x 10% PES 4 

L = num = 1:81 x 109 mm*. 
M.I. of column — 5 x 350 x 3503 = 1-25 x 109 mm* 

T. 1:25 % 109 : š 

T -4500-. = 2:97 x 105 mm’. 


K— € m —9«—6 paar 6 m——1 1350 


(a) Frame (b) Assumed section 
Substitute frame for beam By By Bis 
Fic. 5-29 


At joint A, 
Distribution factor for upper and lower column 
2:97 x 108 


= x 2:97 x 105 + 181 x 10° 0:1 

Upper and lower column 0:12 
beam (l — 0-12 — 0:12) = 0:76. 
At joint B, 
Upper and lower column = e ED. tu — 0:07 

PP —72(297--181) - 
beam —— = 0-43. 
Free shears: 


Free shears are defined as the shears for separate spans ` 


considered as simply supported. The correction due to 
moments existing at the ends of a beam will be made after 
solving moment distribution. 
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Free shears: 

AB = BA = BC = GB =CD = po AC x 3 + 166) 


— 92 kN. 
Fixed end moments: 
AB = BA = BC = Cp = CD = DC 


6 x 6? 6 
$ — + 166 x >= 18 + 1245 = 1425 kNm. 
Moment distribution: 
0:76 |o«s 048, |048 0-43 | 2 m 
— 142.5 142-5 | — 142:5 142-5 | — 142:5 142-5 
108-3 0 0 0 0 - —1083 
54-15 0 0 — 54-15 
— 993.98 | — 23-28 23-28 23:28 
— 11-64 0 11-64 — 11:64 0 11-64 
9-94 —5 5 5 5 — 8:84 


— 397 168-37 | — 159-14 159-14 | — 168:37 37 
| Toc HEN EUR MCN ERE ee S aaa 


Column moments: 


[0-12 |0-07| [0:07] [0-12] 
171 — 3-79 | 3-79 | — 171 

1-4 — 0-82 0-82 — 14 
18-5 — 4-61 461 — 18:5 


Shear correction: 
Big iu o onec. es DL roue ua tM e 


Free : 2 
shear 92 92 92 92 | 92 92 
Correction | — 21:9 21-9 0 01219 — 21-9 
Final 2 
shear 70:1 113:9 92 92 1139 . 70-1 
Es Lo du =l 
of zero | 3m 3m 
mercium B D 
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Positive moments: 
Span AB or CD = 70:1 x 3 -> x 6—37 
= 210 — 27 — 37 = 146:3 kNm. 
Span BC = 92 x 3 m x 6— 159-14 
= 276 — 27 — 159-14 = 89-86 kNm: 


Negative moments: 
Support A or D 37 kNm. 
Support B or C 168:37 kNm. 
Note: 
Total live load on span = 80:5 kN (refer Ex. 5-8). 


Total dead load = 84-9 + 6 x 6 (self wt.) 
— 120:9 kN. 


3 
As LL < — n DL, all spans loaded with dead load via live 
load are considered for- analysis. 
Design for moment steel: 


- All the beams are rectangular beams with b = 350 mm. 
"Assuming two layers: -of 20 mm dia. reinforcement, 


Š d= 720 — 25 —90.— 10 = 665 mm.” 


- The calculations are tabulated in table 5-3. 


Check for development length: Positive moment bars: 
Span AB: 


At A, V = 70:1 kN. 


M, = 1143 x 2300-9 x 665 x 10-9 = 157-34 kNm. 
Consider L, = 12 p. 


— | M. | 
13 272 + L, 69 $ (5; maybe taken for a permissible 


stress. Dui 18 conservative, However, considered to eliminate 
the calculation of service stress). 
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157-34 x 105 
ze ee 69 
lE eU SeIGE tof a 


or %@ < 51:19 actual $ = 20 mm.......... (O.K.) 


Near B, at point of contraflecture at 0:15 x. 6 = 0-9 m` 
from B, 


V = 113:9 — 0-9 x 6 = 108-5 KN. 


157-34 x 108 . 
1:3 X -085 x tos T 2? 2 69? 


Span BC: 

M, = 716 x 230 x 0-9 x 665 x 10-% = 98:56 kNm. 

Vat pt. of contraflecture = 92 —0-9 x 6 = 86:6 KN. 
98:56 x 109 | 

EINE IQI25100- User peis* use FA Dis vie sae eas LOIS.) 


Check for development length: Negative moment bars: 
At supports B and C the anchorage provided. is 1500 mm 
ie. using simplified rules, anchorage ‘equal to 7 is provided. 
At support 4, the bar in a stressed condition has to be bend. 
471 


Service stress — — = 174- na 
ervice stress | Bs) x 698 174-7 N/mm 
b x 1747 ` : 
J|; EE TS DN 
DSYEXx*x08 ^ 


The arrangement is shown in fig. 5-30 and is equivalent 
to anchorage of 55 = 1100 mm. The bearing stress 
inside the bend is now checked. 


$ — 20 mm 
-a = 350 — 50 — 40 = 260 mm. 
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Allowable bearing stress = = 
[=e com 
a 
` ]5 
— — — e i 
ee c M 
* . 960 


At the centre of the bend, the anchorage available 
— 120 4- 149 — 269 mm. 
Stress in bar at centre of bend 
1100 — 269 : 2 
Fy, = 314 x 132 x 107? = 41-45 KN. 

Fy 

Bearing stress = 4 
41:45 x 10? 


'The arrangement is thus satisfactory. 
Check for shear: 
Span AB: 
At A, V — 70:1 kN. 
100 4; = 100 x 1143 
bd 350 x 665 


As the ends of reinforcements are confined with 
compressive reaction, shear at distance *d' may be considered. 


' V = 70-1] — 0:665 x 6 = 66:1 kN. 


66:1 x 103 a 
— — — = 03284 N/mm-. 
Shear stress 350 x 665 / 


Only minimum shear reinforcements are required. 
From table 3-4 for 350 wide beam, use 8 mm Q stirrups 


CU 
about 250 c/c (upto 295 c/c is possible) for which — = 92. 


At B: 
V at distance d = 113-9 — 0:665 x 6 = 109-9 kN 
x, = 0:29 N/mm? 
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bd = 0:29 x 350 x 665 x 1073 = 67:5 kN. 

Shear resistance of minimum shear reinforcement 

= 92 x 665 x 1073 = 61-2 kN. 

Shear resistance of section with minimum shear rein- 
forcement is 67:5 + 61-2 = 128:7 kN > 109-9 KN. 

Provide 8 Q about 250 c/c throughout. 
Span BC: 

Shear force — 92 kN. 

Provide minimum shear reinforcement 8 mm (D about 
250 c/c. 
Check for deflection and cracking: 

This can be done in the usual manner and is left to the 
reader. The designed beam is shown in fig. 5-30. 


3.200 
1500» 


rA 


3.000 11500- 2-16 @ + 1-20 $ 


320841168, 3-20 $ + 2-16 Q 
pue 60002 te 60005 


Stirrups 8 +. 250 cle throughout 


(a) Beam elevation 


 K—350 —> 


(b) End elevation (c) Section A.A 


Fic. 5-30 
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-(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


EXAMPLES V 


A. simply supported rectangular beam of 4-0 m clear span 
carries a. uniformly distributed load (including self wt.) of 
10 kN/m. Italso carries a central point load of 25 kN. The . 
beam rests on masonry walls of thickness 230 mm running 
parallel to the beam. The materials used are M15 grade 


. concrete and tor steel reinforcement of grade Fe 415. Design 


the beam, if 


(a) depth is not restricted and 
(b) depth is restricted to 500 mm. 


Design a simply supported tee beam of 6 m effective span 
and spaced at 3:2 m centres. The thickness of slab is 130 mm 
and total load including self weight of beam is 35 kN/m. 
The materials are M15 grade concrete and mild steel 
reinforcement. 


Design the beam in Example (2) if concrete grade is 
M20 and tor steel reinforcement of grade Fe 415 are used. 


Design a cantilever beam ofspan 4m and carrying a uniformly 
distributed load of 40 kN/m including self weight. Assume 
that sufficient safety against overturning moment is there 
and reinforcement anchorages are also available. Use 
M15 grade concrete and tor steel reinforcement of grade 
Fe 415. 


A beam ABC simply supported at A and B and BC is overhang. 
AB — 6 m and BC — 3 m. Load on AB portion inclusive 
of self weight is 25 kN/m and on overhang BC is 16 kN/m. 
Design the beam. Use M19 grade concrete and mild steel 
reinforcement. 

Design a two span continuous beam ABC where AB = 
BG = 5 m and supported on masonary walls at A, B and C. 
The beam is rectangular beam and carries a dead load 
inclusive of self weight equal to 12 kN/m. It also carries a 
live load of 10 kN/m. Design the beam using M15 grade 
concrete and tor steel reinforcement of grade Fe 415 if, 


(a) the depth is not restricted and ` 


(b) depth is restricted to 600 mm overall. 
In both the cases width of beam is restricted to 230 mm. 
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(7) Design the beam B,-B,-B, of fig. 5-18 if it carries a dead 
load inclusive of self weight equal to 10 kN/m and live load 
of 10 kN/m. Slab thickness is 120 mm. Use M15 grade 
concrete and tor steel reinforcement of grade Fe 415. 


(8) Design the beam B,-B,-B; of fig. 5-18 for intermediate floor, 
if it carries a dead load inclusive of self weight equal to 
16 kN/m and live load of 10 kN/m. Thickness of slab is 
120 mm and width of beam is 300 mm. Size of columns is 
300 mm x 300 mm and storey height is 3-2 m. 
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6-1. Introductory: Slabs are the plate elements 
having the depth D very small than its span and width. 
They usually carry a uniformly distributed load and form 
the floors or roof of the building. Like beams, slabs also may 
be simply supported, cantilever or continuous. They are 
classified according to the system of supports as under: 


(a) .One-way reinforced slabs 
(b) Two-way reinforced slabs 


(c) Flat slabs supported directly on columns without 
beams 


(d) Circular and other shapes 
(e) Grid slabs or waffle slabs. 


A stair case is a specia] case of inclined slab and designed 
accordingly using available conditions of supports. 


Slabs are primarily flexural members as beams and are 
analysed and designed in the same manner as the beams. 
Analysis may be carried out using: 


(a) Elastic analysis: A strip of 1 m width of slab is 
considered and loads are found on this strip. Then strip 
is analysed as a beam of 1 m width. Redistribution of moments 
also may be carried out if necessary using the same rules as 
for the beams. | 

(b) Using coefficients: This is a semi-empirical method 
of analysis based on yield line theory. The coefficients given 
in code may be directly used to analyse the slabs. However, 


the redistribution of moments is not permitted in this case. 


(c) Yield line method: This is a limit state design 
method or collapse load method, developed by Johansen. 
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According to clause 23.3 of IS : 456, “When the’ slabs 
are monolithic with supports, bending moments in slabs 
(except flat slabs) constructed monolithically with the supports, 
shall be calculated by taking such slabs either as continuous 
over supports and capable of free rotation or as members of 
‘a continuous framework with the supports, taking into account 
the stiffness of such supports. If such supports are formed 
"due to beams which justify fixity at the support of slabs, then 
the effects on the supporting beam, such as the bending of 
the web in the transverse direction of the beam and thé 
torsion in the longitudinal direction of the beam, wherever 
applicable, shall also be considered in the design of the beam". 


In the usual case in this book, the slabs are considered 
as simply supported or continuous over support capable of 
frce rotation, except where slabs give direct torsion in the beam. 


6-2. One-way spanning slabs: The slab supported 
on two opposite supports is a one-way spanning slab. If 


the slab is supported on all four edges and if > 2, where l, 
x 


is a longer span and /, is the shorter.span, then the slab is said 
to span one-way. The following are the design considerations 
for the one-way slab. 


(a) Effective span: The effective span shall be as given 
for beams. For simply supported slab the effective span is 
clear span + effective depth or centre to centre of supports 
whichever is less. For continuous slabs art. 5-11 shall be 
referred. | 


(b) General: A simply supported one-way slab and a 
continuous one-way slab are shown in fig. 6-1(a) and (b). 
'The reinforcement in the direction of span is the moment 
steel and is designed in the same way as beams. Design charts 
for singly reinforced beams can be used. Slabs are usually 
not designed as doubly reinforced except for some special 
cases. The moment steel is known as main reinforcement and 
As placed in the first layer near to the extreme fibre, keeping 
clear cover as per requirement to get maximum effective 
depth. The reinforcement perpendicular to the main rein- 
forcement is known as distribution steel. These reinforcement 
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resist temperature stresses, keep the main reinforcement in 
position and distribute. the concentrated or non-uniform 
loads throughout the slab. For a continuous slab at support, 
top reinforcement is provided as main steel to resist negative 


bending moment. 
The spacing of slab bars is given by, 
š area of one bar Xx 1000 
spacing = ———: 
required area per metrc 


For convenience provided area of different bar diameters 
for different spacing is given in table 6-1. 


TABLE 6-1 
AREAS OF BARS IN SLABS (IN SQUARE MILLIMETRES PER METRE) 


_—IIII  _ 5 7 .LT.........U]e  r'—-—auauaaəa — 


Spacing Bar diameter in millimetres - 
mm 6 8 10 12 16. 3 9202008 
Pee SSS s SE ee Ee u— ———— eee 
100 283 503 785 1131 2011 3142 
110 257 457 714 1028 1828 . 2856 
120 236 419 654 942 1675 2618 
130 217 387 604 870 1547 2417 
140 202 359 561 808 1436 2244 
150 188 335 524 754 1340 2094 
160 177 314 491 707 1257 1963 
170 166 296 462 665 1183 1848 
. 180 157 279 436 628 1117 1745 
190 149 265 413 595 1058 1653 
200 141 251 393 565 1005 1571 
210 135 239 374 539 957 1496 
220 128 228 357 514 914 1428 
230 123 218 341 492 874 1366 
240 118 209 327 471 838 1309 
250 113 201 314 452 804 1257 


Note: These are the commonly used diameters for slabs (freely available in 
the market). For other diameters say 14 mm, one may actually find out the 
spacing. 


(c) Reinforcement requirements: 

(1) Minimum reinforcement: The reinforcement in 
either direction in slabs shall not be less than 0-15 per cent of 
the total cross-sectional area. However, this value can be 
reduced to 0-19 per cent when high strength deformed bars 
or welded wire fabric are used. 
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(2) Maximum diameter: The diameter of reinforcing 


bars shall not exceed one-eig th of the total thickness of the 


slab. VIN EISE TULIT et 
rae NES 


These requirements shall apply to all kinds of slabs. 


I — ——— — — Span 1—————————9 


(a) Simply supported one-way slab 
Distribution steel 


— — Hs — 


— 


{ef 


Distribution steel 
(Mf — — Main steel 


if 


tb) Continuous one-way slab 


Fic. 6-1 


(d) Shear stresses: In normal cases the shear in slabs 
is not critical. However shear shall be checked in accordance 
with the code requirements of clause 47-2. This was discussed 
in art. 3-5 for beams. For solid slabs the permissible shear 
stress in concrete shall be kt, where value of T, is given in 
table 3-1 and £ has the value given below: 


Overall 300 275 250 225 200 ` 175 150 
depth or or 
of slab more less 
"^ mm 


k 1:0 1-05 1:10 1-15 1:2 125 ' 13 


Note: "This does not apply to flat slabs. 


It, can: be seen from the above values that higher shear 
stresses are permitted for thinner slabs. This is due te the 
observations made that thin plates can resist more shear per 
unit area. If shear is critical in slabs, usually the shear rein- 
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forcement are not provided but the depth of slab is increased. 
This discussion shall apply to all kinds of slabs. 


(e) Deflection: This shall be checked in the same 
manner as the beams. The slabs are thin elements and 
deflection may govern the thickness of the slab. 

(f) Cracking: Unless the calculation of crack width 
shows that a greater spacing is acceptable, the following rules 
shall be applied to all kinds of slabs in normal internal or 
external conditions of exposure. 


(1) The horizontal distance between parallel main 
reinforcement bars shall not be more than three times the 
effective depth of a solid slab or 450 mm whichever is smaller. 

(2) The horizontal distance between parallel reinforce- 
ment bars provided against shrinkage and temperature shall 
not be more than five times the effective depth of a solid slab 
or 450 mm whichever is smaller. a 

Eum 

(g) Cover: For tensile, compressive, shear or any other 
reinforcement in slabs, minimum cover shall not be less than 
15 mm, nor less than the diameter of such bar. 


—————-— --— 


(h) Bond: The development length in the slabs shall be 
checked in the same manner as for beams. 


For checking development length, L, may be assumed as 
8 b for tor steel (usually end anchorage is not provided) and 
12 $ for mild steel (U hook is provided usually whose anchorage 
length is 16 Q. Now, L, is limited to 12 $ or effective depth 
whichever is greater. For slabs thickness cannot be greater 
than 12 $ as maximum diameter permitted is one-eighth of 
the total thickness of slab. Therefore assuming L, = 12 $ 
is valid). However, one may find out the actual length 
L, by drawing the sketch of end anchorage. 


-~ 6-3. Simply supported one-way slab: Typical 
details of reinforcement for a simply supported one-way slab 
is shown in fig. 6-2. It can be seen that 50% bars can be 
pS IG NN LI REST 7 
bent up where moment reduces to 50% i.c. at 7 from support. 


“The bars are bent and not-curtailed and hence, curtailment 
rules shall not apply. The bent bars help in shear and also 
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resist some negative moment induced at support. -In fact 
the slab is considered capable of free rotation at support and 
thus no negative moment is assumed to occur at support. 
Designer may choose to curtail the bars or let all the bars 
enter the support. Note that the bars can be bent up or 
curtailed only if continuing bars provide minimum reinforce- 
ment. 


50% bars bent up 


Distribution steel E 
Main steel 


[ 


Typical details of simply supported slab 
Fic. 6-2 


Example 6-1. 


A simply supported one-way slab of clear span 3:0 m is supported 
on masonry walls of thickness 350 mm. Slab is used for residential 
loads. Design the slab. The materials are grade M15 concrete 
and mild steel reinforcement. Live load shall be 2 kN|m2. ` 


Solution: 


- Depth of slab: The first trial of depth of slab can be 
arrived considering deflection criteria. Assuming percentage 
of steel reinforcement, find out modification factor as explained 

in art, 4-1. Percentage of steel depends on the loading on 
slab. A designer, after some practice will be able to find 
out his own thumb rules for the trial depth. 


Assume 0-6 per cent steel as a first trial (for tor steel in 
residential loads one may assume 0-4 per cent steel for initial 


tial) Modification factor from fig. 4-1 is 1-75 i.e. T 
zano permissible = 20 x 1-75 =35 and dag; shall be 


TOS 89 mm. Overall depth using 12 mm dia. bars 
= 89 + 6 + 15 (cover) = 110 mm. 
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Assume 120 mm overall depth of slab. 
DL = 0:12 x25 =3 kN/m? 
Floor finish == KIN me 
Live load == 2 kN/m* 
Total 6 kN/m? 
Effective span (1) 3000 -+- 350 = 3350 mm c/c supports 
(2) 3000 + 100 (effective depth) = 3100 mm. 
Use 3:1 m effective span. 
` Moment and shear: 


Consider 1 m width of slab .. load = 6 kN/m. 


pale = 7:2 kNm. 


Maximum moment = 6 x 


Maximum shear = 6 x 3=9KN (based on clear span). 
Effective depth 1equired for flexure 


T2 X10 
~ F 1000 x 0:87 
(k = 0:87 for M15 mix and mild steel) 
dprovided = 120 — 15 (cover) — 6 (assume 12 $ bar) 


= 90:97 mm. 


Design for flexure: 
A 7:2. >e 105 
“#140 x 0:87 x 99 
Alternatively from table 68 of SP : 16 
M 7:2 >< 105 


= 597 mm*:. 


ines eS (2755 
bd* 1000 x 99? 9:73 
p= Es gg 


TION 0-6 x 1000 x 99 
M. 100 — 
Provide 10 mm 6 about 130 c/c = 604 mm’. 
Note that use of tables give correct answer for steel required. 


= 594 mm?. 
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Half the bars are bent at and 


remaining bars provide 302 mm? area. 
100 4, _ 100 x 302 
bD 1000 x 120 


i.e. remaining bars provide minimum steel. Thus half the 
bars can be bent up. 


== 0-25 > 0:15 


Distribution steel = cap x 1000 x 120 = 180 mm’, 


maximum spacing 5 X 99 = 495 or 450 mm, i.e. 450 mm. 
Provide 6 mm $ about 150 c/c = 188 mn. 
Check for shear: 
For bars at support, correct d = 190 — 15 — 5 = 100 mm. 
100 4, _ 100 x 302 
bd 1000 x 100 
for slab upto 150 mm thickness, £ = 1:3 
Te from table 3-1 = 0:24 N/mm’. 
Permissible shear stress = ku; 
= 1:3 x 0:24 = 0:312 N/mm*. 


9 x 103 
al shear stress 1000 x 100 


= 0:302 


= 0-09 N/mm? 
(too small). 


k- 120} 
K— E. 175 —2 


Details at support 
Fic. 6-3 
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Check for development length: 


L = 120 + 16 p = 280. Lis limitedto 12 $ = 120mm 
or d — 100 mm whichever is greater. Therefore L, = 120 
mm. For continuing bars, A, = 302 mm. 


M, = 302 x 140 x 0:87 x 100 x 1079 = 3:68 kNm. 
V —9:0 kN 

M, 

V 


$ X 140 


l 4 x 0-6 


+ L, > La where La = = 58:3 p 


3:68 x 10° 
. ————— wie . 
1:3 X 9 x 103 -1202 583649 


Oro EI E 29« 6i ays; gious cen cime rie NI E spe Sint on tod iod (O.K.) 
Check for deflection: 


. span  .. 
Basic TL ratio = 20 


_ 100 x 604 
~ 1000 x 100 


modification factor = 1:72 


hi 


= 0:604 * 


T ratio permissible = 20 x 1-72 = 3444 


actus ee cago 309. ei ep UNO (O.K.) 
d 100 


Check for cracking: 
Max. spacing permitted for main reinforcement 
= 3 x 100 = 300 mm 
Actual spacing = 130 mm < 300 mm......... (O.K.) 


For distribution steel, maximum spacing permitted 
— 5 x 100 = 500 or 450 mm i.e. 450 mm. 


Spacing provided = 150 mm........ eene (O.K.) 


For tieing the bent-bars at top, 6 mm $ about 150 mm 
c/c distribution steel shall be provided. 
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Sketch: The cross-section of the slab is shown in fig. 6-4. 


` 3350 c/c 


Fic. 6-4 
From the figure, note that : is considered from centre 
of the support for simplicity and rounded off to a figure 
in multiple of 5 mm on lower side. Never consider : from 


the face of the support, as this will give a point where bending 
moment is more than 50 per cent (may be 51 or 52 per cent). ` 


Common wall 


——k—p-k—k—l. — ot  Y-— 
230 3000 230 3300 350 3300 230 3000 230 
(a) Plan at slab level 


Minimum 120 mm to be removed 


Casted slab of Slab of house B 


Casted slab of house A to be casted 
house A i 
(b) Alternative 1 (c) -Alternative 2 
Bearing of slab on masonry wall 
Fic. 6-5 


Supplementary details: 
(a) Pasa ane a minimum beating equal to its 
depth on masonry walls. The problem arises for a twin 
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` type house where the central wall is a common wall. If the 
slab of house A is casted having full bearing on the central 
‘common wall (refer fig. 6-5), for the casting of slab of house B, 
there can be two alternatives. 
(1) 120 mm (thickness of slab for B block) casted slab 
shall be removed and. slab for B block is casted. 
(2) For slab B, the level is changed and full bearing 
may be given on walls. 
(b) While providing 120 mm bearing, the development 
length of slab bars has to be checked once again. 


6-4. Continuous one-way slab: For continuous 
slab, when loads are found, the arrangement of live load shall 
be as discussed in art. 5-12. This involves minimum four 
moment distributions and if required, the redistribution of 
moment is permitted. Alternatively, the moment and shear 
coefficients can be obtained from table 5-1 and table 5-2. 
In this case, the redistribution of moment is not permitted. 
Further, the slabs are considered simply resting on the supports 
and capable of free rotations at the supports. Therefore, 
this will not induce any kind of torsion in the supporting beams 
or walls. 


Distribution steel e] 
Main steel / 


kK- Dee —> 


~Bottom bars alternate bent 


— I—— — —— 
Typical reinforcement details for continuous slab 
Fic. 6-6 


Like the continuous beams the bent bars of slab can be 
used as negative reinforcement at the support provided that 
bars can be bent up. The bars can be bent up only if the 
continuing bars provide minimum steel required and for 
continuing bars, check for development length is satisfied. 

Assuming these requirements are satisfied, typicål rein- 
forcement details for continuous slab is shown in fig. 6-6. 
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Note that at simply supported end, the bars are bent at 
n. : E 
7 while at continuous support, the bars are bent at 5 The 
contribution of bent bars for negative moment steel can be ` 
considered which results in economical design. However, 
for each design of slab, designer has to check whether the. 
bars can be bent up or not. 


Example 6-2. 


A five span continuous one-way slab is to be used as an office 
floor. Separate facility for storage is not provided. The centre to centre 
distance of supporting beams is 2-75 m. Design the slab using M15 
grade concrete and tor steel reinforcement of grade Fe 415. 

Solution: 

(a) Estimation of loads: According to table 1 of 
IS : 875, for office floor the live load shall be 2-5 kN/m? to 4-0 
kN/m*. Lower values shall be taken where separate facility 
for storage is provided and higher values shall be taken where 
such provisions are lacking. (The tables for live load are 
reproduced and given in appendix B of this book.) Consider 
a live load of 4 kN/m? as the facility for storage is not 
provided. 

Try 12 cm thick slab. 


Dead load: self 0-12 x 25 = 3-0 kN/m? 
floor finish = 1-0 kN/m? 
Total 4:0 kN/m? 
Live load 4 kN/m?. 
The slab is to he designed for (4 + 4) kN/m*. 
DL LL 


(4 + 4) kN/m 
3 4 4 3 
1 2 2 2 1 


A `R C D E f 
k- 2.75 m~ 2.75 m—9- 2.75 m—q- 2,75 m—9— 2.25 m—i 


Fic. 6-7 


(b) Analysis: The loads for 1 m wide strip are shown 


. in fig. 6-7. The moment and shear coefficients from table 
5-1 and table 5-2 are used. 
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Maximum shear is V,, = 0:6 x 4 x 9:75 +-0:6 x4 x9:75 
= 6:6 + 6:6 = 13-2 KN. 
The calculations are tabulated in table 6-2. 


TABLE 6-2 
Point Moment Steel required Steel provided 
! 2 
E r t> 295 + 5:55 x 108 8 mm @ about 440 
| š 230 x 0-90'x 100 c/c+10 mm @ about 
(+) 10 KE Š 440 c/c = 292 mm* 
= 2:52+3:03 = 268 mm? 
= 5:55 kNm. 
1 
(oque A IS cb 3-78 x 108 8 mm @ about 220 
290 x 0-90 x 100 = 227 mm*. 
(4) 1 E o 230 x (90 x 100 cic 
= 1-26 + 2:52 = 183 mm* 
= 3-78 kNm. 
1 
š 10 KER 27S 6-39 x 105 10 mm @ about 
230 x 0:9 x 100 220 c/c = 357 mm* 
(—) p x5 x225 e 
= 3-03 + 3:36 = 309 mm* 
= 639 kNm 
1 
£ xx 2:75" -+ 5-88 x 108 8 mm @ about 440 
l n 230 x 0:9 x 100 c/c + 10 mm @ 
S) g^ 4 x 275 about 440 c/c 
= 92-59 + 3:36 = 284 mn? = 292 mm* 
= 5:88 kNm. 


_———— .0Úepr.Jca_aoq9uboUop— 


(c) Moment steel and arrangement: Points 1, 2, 3, 4 
are showing the points of maximum moments. Maximum 
moment occurs at point 3. 

M, = 6:39 kNm 


6-39 x 108 
Arequired = |Y 1900 x 0:65 
provided = 120 — 15 (cover) —5 (using 10 ¢ bar) 


= 99:2 mm 


| 

= 
e 
B 
z 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


" " 
Ww. s 


218 | Reinforced Concrete [ Ch. VI : 


For main stcel 

mo 
~ 100 
Maximum spacing = 3 x 100 = 300 mm. 


For distribution steel using mild steel 
Minimum area -25 x 1000 x 120 = 180 mm*. 
Maximum spacing — 5 X 100 — 500 or 450 mm, 
whichever is less i.e. 450 mm. 


Use 6 mm ó about 150 mm c/c = 188 mm’. 


Note: Use of 6 mm ¢ mild steel for distribution steel 
is popular even when tor steel is used as main reinforcement. 
Moreover minimum diameter of tor steel freely available in 
market is 8 mm which gives larger spacing e.g. 340 mm in 
given case. Eventhough the cracking requirements are 
satisfied, the usual practice of providing the spacing of bars 
is 100 mm to 250 mm in slabs. 

re ee 


Minimum area x 1000 x 120 = 144 mm. 


T Se 440 c/c 
loo 440 c/c 


i 
130 
j 


8] @440 c/c 
+ OGE 440 cjc 
H— ——2750 


80 220 c/c 
6 $ @ 150 c/c 
»I«— —— 2750 ————— 2750 —9 . 


Details of continuous slab 
Fic. 6-8 


The above arrangement of bars is shown in fig. 6-8. The 
arrangement of bars can be done by many ways. If the bars 
are bent or curtailed, care must be taken that continuing bars 
provide (a) minimum reinforcement and (b) check for develop- 
ment length is satisfied. In this example, no bar is curtailed 
or bent. This is because (a) if the bars are curtailed, for 
remaining bars the development length is not satisfied and 
(b) for internal span the continuing bars provide 114 mm? 
` area which is less than minimum (i.e, 144 mm3). 
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While selecting the diameter and spacing of the reinfor- 
cement, care must be taken to see that spacing would result 
the same for all four moments and diameters may be changed. 
This would sometimes, for internal spans, result uneconomical. 
Some designers curtail the bars at the centre of the support 
and adopt different spacing in different spans. However, 
according to IS : 456 at least one-fourth bars at the continuous 
support shall extend along the same face of the support upto a 


distance equal to = If the said method is to be adopted, 
- 21 2 
the width of the support shall be equal to z beg X 69 $ 


= 368 mm for this case. Alternatively the bars can be 
extended from both the adjoining spans upto 23 $ which 
would seem odd if different spacing is adopted. Therefore, 
the spacing shall be made same as far as possible sacrificing 
economy sometimes. 
(d) Check for development length: 

Span AB is critical for checking this requirement. 


At support A 
V = 0-4 x 4 x 2-75 + 0:45 x 4 x 2°75 
== 4-4 -+ 4-95 = 9-35 KN, 
M, = 292 x 930 x 0-9 x 100 x 10-6 = 6:04 kNm. 
Assuming L, == 8 (90° bend from centre of support) 


1-3 xo + L, > La 
6:04 x 10° 
: — 6 
1:3 X 935x197 T Š $ 2 69 $ 
13:77 > $. Pprovided = 10 mm................ (O.K.) 


Note: For slab bars, when tor steel is used, 90° bend 
is not necessary. The bar length used in standard bend is 
more than 8 $ and for such bend maximum anchorage value 
is 84. ‘Thus, the slab bars are used without end anchorage ` 
when tor steel is used. However, when mild steelis used, U 
bends are provided atend. U bend in tor steel is rarely used. 
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At support B 
Point of contraflexure is assumed at 0:15/ from B. 
S.F. = (0:6 x8 x 275) — 0:15 x 275 x 8 
= 13:2 — 3:3 = 9:9 KN. 
2 T L, 2 La. 
Assume L, = 12 $ (actual anchorage is more than 12 $ 
but L, is limited to 12 $ or d, i.e. 100 mm whicheveris greater). 
18 x EEX r + 12 $ > 69 $ 
or 13:91 2 $........ EGOUGR T CON Was ose o vein iene (O.K.) 
(e) Check for shear: | 
Max. S.F. at B for BA 
100 4 100 x 357 
Bee EN —⁄Z = 1000 x 100 
Te = 0:25 N/mm?. 
For 120 mm thick slab, £ == 1-3. 
Permissible shear stress = £ t, = 1-98 x 0:25 
= 0:325 N/mm*?. 


13:2 x 10? 
1000 x 100 = 0-132 N/mm? 


1:3 


= 0:357 


Actual shear stress = 


Note that at support B, the moment is negative and 
1004; 


negative steel is used for the calculation of MC 


(f) Check for deflection: 


. Maximum positive moment isin span AB. Therefore, 
this check is critical for span AB. 


10044 _ 100 x 299 


bd 1000 x 100 O 292 
Basic i ratio =: 96 


Modification factor = 1-4 
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IT ratio permissible = 1-4 x 26 = 364 


$ span 2750 
actual — r = — = 27: . Ç 
actual — ratio = +00 275 «5 I0 Aniara (O.K.) 


(g) Check for cracking: 

This was incorporated in design calculations. 
(h) Sketch: 

Designed section is shown in fig. 6-8. 
Supplementary details: 


(1) The designer conversant with IS :456-1964 may 
have little difficulty in understanding—why the bars cannot 
be bent up? According to IS : 456-1978, the criteria for 
checking the deflection are made more conservative than 
previous code. For different materials different span-depth 
ratios are permitted. This is in fact a better and rational 
approach and keeping with international standards. However, 
this results in providing more depth and percentage steel 
decrease in comparison to previous code. Therefore, checks 
of minimum steel requirement is critical as compared to 
previous code. 


Also the check for development length is made conserva- 
tive as compared to previous code. This also may restrict 
the bending of bars. 


(2) The top reinforcement at support must have a 
clear cover of 15 mm, neither less, nor moré. While casting 
the slab, care must be taken that these reinforcements do not 
sit to bottom as this would reduce the effective depth of slab 
and may create cracks at top perpendicular to main reinfor- 
cement. Chairs of reinforcement are provided to achieve 
this depth. i , 


(3) When there is a change of steel such as positive 
reinforcement from span AB to BC, then usually the bars 
are curtailed on the other side of the support as shown in 


fig. 6-8. This will provide the anchoragement of Es to the 
positive reinforcement. ` 
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(4) Initial trial section of overall depth sometimes may 
need correction to achieve strength or economy, as this has 
to pass through many checks. Similarly the selection of bar 
diameter and spacing also will need some trials to achieve 
economy. However, after some practice, the designer will 
have little difficulty in achieving a safe and economical 
section. 


6-5. Cantilever slab: The design criterias for canti- 
lever slab are same as previous articles. An example of 
cantilever slab is a balcony slab in a building. While design- 
ing a cantilever balcony, one should check the counter-balanc- 
ing loads. The cantilever slabs are indicated in fig. 6-9. If 
the internal slab is continuous with cantilever slab as S,-S, 
of fig. 6-9, then slab S, can be designed as cantilever slab 
capable of free rotation at support B,. 


Usually the formwork of slab $, or $4 when designed as 
cantilever, is kept tight to provide a little camber. 


OY C EOM 300 x 300 


K 


—Ini high parapet 


| S; 
bier 
0.15m~ Se 
a Bs 
.. Om 0.15m 
-> K—-— ——— —» 


K =3m dm 
Cantilever balcony slab 
Fic. 6-9 
Example 6-3. 


__. Design the slab S,-S, of fig. 6-9, if it is to be used for residen- 
tial purpose. At the free end of slab S, there is a concrete parapet 
of 75 mm thick and 1 m high. The materials are grade M15 concrete 
and mild steel reinforcement. Use IS : 875 for live loads. 
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Solution: 
(a) Estimation of loads: 

For Š, live load shall be 2 kN/m?. For slab $, which is a 
balcony slab, live load shall be 3 kN/m?. Assume 12 cm 
thick slab. 

For $, self load = 0-12 x 25 = 3 kN/m? 

floor finish ] kN/m? 
live load 2 kN/m? 
Total (4+2) kN/m* 
For S, self load = 3 kN/[m? 
floor finish ] kN/m* 
live load 3 kN/m? 


Total (4 +3) kN/m? 
Weight of parapet 0-075 x 25 x 1 = 1-875 kN/m. 
(b) Analysis: 
Consider 1 m wide strip. 


(1) To get maximum positive moment in slab S, only 
deaa loads on slab S, and full load on slab S, shall be considered. 
The parapet load is a dead load but will not be considered as 
sometimes the owner of the building or architect may change 
his mind and would provide simply a railing. Considering 
fig. 6-10 (a), 


92 


2 x 4 = 2:88 kNm. 


š 1 
Cantilever moment = 


Reacnon at Ais sxs = = 9 —0-96 
= 8:04 kN. 
: ! 8-04 
Point of zero shear from A = EC = 1:34 m. 


1-342 
. Maximum positive moment = 8:04 x 1-34 ae x 6 


= 10-78 — 5:38 = 5:4 kNm. 


To check shear and development length at A, shear may 
be considered as 8:04 kN. Note that for the cantilever, clear 


span is considered. 
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(2) To get maximum negative moment and maximum 
shear at B, the slab is loaded with full loads as shown in fig. 
6-10(/). 


6 kN/m 4 kN/m 
———— dp — 3 12m 
(a) Loads for maximum positive moment 
6 kN/m 7 kN/m 1875 kN 
MT Une —- P = [.2m —> 


ibi Loads for maximum negative moment, 
shear for cantilever span 
and reaction at supports 


Fic. 6-10 


92 


Maximum negative moment = x 7 +1:2 x 1:875 


= 5:04 +-?2-25=7:29 kNm. 
-Maximum shear at B 
“ae -F = = 9 + 2:43 = 11-43 kN. 
Vac = 7 X 1:2 + 1:875 = 10:275 kN. 


(c) Moment steel: 


Vna = 


Maximum moment = 7:29 kNm 


7-29 x 105 
required = 1000 x 0-87 = 91-5 mm 
provided = 120 — 15 — 6 (assume 12 $) = 99 mm 
Oi: DSBS SNO IS ENS. (O.K.) 
5:4 X 106 
DER) moo — o moe 
. 6 
AIC) Se ee 


140 x 0:87 x 99 
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For positive moment provide 10 mm 4$ about 150 c/c 
giving 523 mm? and for negative moment provide 10 mm $ 
about 300 c/c -|- 12 mm $ about 300 c/c giving total 638 mm? 
area. The arrangement of reinforcement is shown in fig. 6-11. 


:15 
100 x 1000 x 120 = 180 mm2. 


Provide 6 mm $ about 150 c/c = 187 mm2. 


Distribution steel — 


&«—— 1200 »«— 1200—» 
Clear cover 15 mm strictly, [10 b @ 300 c/c 
| n9 @ 300 cx 


IO œ% @ 150 c/c 


6 $ @ 150 c/c $ @IH c/c 
Ss 3000 rt 0 
150 S; 50 s 


Longitudinal section through S,-S; 
Fic. 6-11 


For negative reinforcement, 


service stress — ome x 140 = 132-54. N/mm. 


638 
T 19255 e 
La = 4 x06 = 55:2 d. 
Average Ly, = 55:2 X er = 608 mm. 


The bars must be anchored upto 608 mm. Also they 
should be extended upto 12 $ beyond the point of contraflexure, 
which may be found out. Alternatively as a thumb rule, a ` 
bar shall be given an anchorage equal to the length of the 
cantilever. Adopting this, carry the top bars upto 1200 mm 
in the internalspan. This is shown in fig. 6-11. 


(d) Check for development length: 
At A, M, = 523 x 140 x 0:87 x 99 x 10-9 = 6:3 kNm. 
V — 8:04 kN. 
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Consider: L, = 12 $ 
M 

then 1:3 72 + L, > Ly 

6:3 x 106 
L3 X Soa x 108 | | 
which gives $ «€ 19:590mm.............. i... (O.K.) 
At B, M, — 63 kNm. 
Near point of contraflexure i.e. 0:15 / from B 
V = 11:43 — 0:45 x 6 = 8-73 kN. 

6:3 x 10° 


+126 258934 


1-3. X 873 x 105 - 12 D 258349 

which gives $ < 18:15 mm.................. (O.K.) 
(e) Check for shear: | 

Span AB: 


- At A, Vi» == 9:00 kN (for maximum loading). 
At B, shear at point of contraflexure = 8:73 kN. 
Use Fis = 9 KN. 
Shear stress Ty = E sah = 0:09 N/mm? 
100 4; — 100 x 523 
bd 1000 x 99 


kt, == 0:29 x 1:3 = 0:377 N/mm? > ç, 


= 0:53 


a STU ay mie eos pusa BTS O.K.) 
Span BC: 
V = 11-43 kN. 
11-43 x 103 
Sh t = ———_—— == 0: 2 
ear stress T, 1000 x 99 0:115 N/mm*?. 
100 4, — 100 x 638 
"dd 190 x 99 = 0 
- kt, = 0:318 x 1:8 = 0:413 N/mm? > ç, 
on DII M RmER py ad n he (O.K.) 
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(f) Check for deflection: 

Slab S, shall not be treated as a continuous slab, as an 
overhang would not justify the fixity of slab at point B. If 
the minimum dead load moments of cantilever slab exceeds 
the maximum fixed end moments of span AB with full load, 
then and then it can be considered as continuous over support B. 
For span AB 
span 

d 

100 As 100 x 523 


ji 0005830 de 


Modification factor — 1:85. 


Basic ratio — 90 


Permissible “P T ratio — 20 x 1:85 — 37. 
"ori equations oo DEP AC deo (O.K.) 
md 99 
For span BC 
Basic pe ratio = 7 


100 As _ 100 x 638 
bd 1000 x 99 


Modification factor = 1:7. 


= 0-64. 


spar ratio permissible = 7 x 1:7 = 11:9 
span aes PAUSE 19-1 
actual 7 ratio = Tog Ana 2:12. 


This is critical and depth in cantilever portion shall be 
increased to 
120 x S = 192-9 mm say 125 mm. 
The calculations need not be rechecked. 
However, increase in depth would result in increase of 
temperature steel. 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


nal ç 
E" — PL. 


2 


228 Reinforced Concrete [:Ch. VI 


For 125 mm thick slab, 


distribution steel — T x 1000 x 125 = 187:5 mm*. 


Provide 6 $ about 140 c/c = 200 mm’. 


Note that the depth of cantilever portion is increased 
such that top of slabs remain the same. The formwork of 
cantilever portion shall be brought down. This is done to 
keep the floor above the casted slab in one level. 


(g) Check for cracking: 
(1) Main bars: 
span AB: spacing permitted = 3 x 99 = 297 mm 
spacing provided — 150 mm........ (O.K.) 


span BC: spacing permitted — 3 x 104 — 312 mm 
spacing provided — 150 mm........ (O.K.) 


(2) Secondary bars: 


span 4B: spacing permitted = 5 x99=495 or 450 mm 
; i.e. 450 mm 
spacing provided = 150 mm....... (O.K.) 


span BC: spacing permitted = 5 X104=520 or 450 mm 
. ie. 450mm 
spacing provided — 140 mm........ (O.K.) 
(h) Supplementary details: 

(1) "Stability against overturning may be checked using 
dead load on span AB and double the total load on span BC. 
If reaction at A is not negative, the slab is safe against 
overturning. If it is negative, the slab at point A requires 
counter-balance. In this type of case, the counter-balance is 


provided by the self weight of beam and the load from masonry . 
walls on beam at 4. 


(2) To cast the concrete parapet, 6 mm bars are 
anchored in slab and erected. The parapet is casted after- 
wards. If reinforced brickwork (R.B.) parapet is to be 
provided, the spacing of 6 mm $ bars is provided to adjust 
with the size of brick. In any case it is advisable to provide 
parapet after the formwork is removed specially in case of 
cantilevers. Otherwise, after removing the formwork, as a 
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natural phenomenon, the cantilever slab will settle down and 
would result in cracks in masonry work at points such as 
x and v of fig. 6-9. 


6-6. Concentrated load on slabs: 


(a) Simply supported and continuous slabs: If a solid 
slab supported on two opposite edges carries concentrated 
loads, the maximum bending moment caused by the concentra- 
ted loads shall be assumed to be resisted by an effective 
width of slab (measured parallel to the supporting edges) 
` as follows: 


(1) Fora single concentrated load, the effective width 
shall be calculated in accordance with the following equation 
provided that it shall not exceed the actual width of the slab: 


x 
ber — x (ler = 12 +a 
[4 


where 
bef = effective width of slab, 
k = constant having the values given in table 6-3 


depending upon the ratio of width of slab (/) to ` 
the effective span Lj, i 


x = distance of the centroid of the concentrated load 
[rom nearer support, 


lr = effective span, and 


a == width of the contact area of the concentrated load 
measured parallel to the supported edge. - 


And provided further that in case of a load near the 
unsupported edge of a slab, the effective width shall not 
exceed the above value nor half the above value plus the 
distance of the load from the unsupported edge. 


(2) For two or more concentrated loads placed in a line 
in the direction of span, the bending moment per metre width 
of slab shall be calculated separately for each load according 
to its appropriate effective width of slab calculated as in (1) 
above and added together for design calculations. 
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(3) For two or more loads not in a line in the direction 
of span, if the effective width of slab for one load does not 
overlap the effective width of slab for another load, both 
calculated as in (1) above, then the slab for each load can he. 
designed separately. If the effective width of slab for one, 
load overlaps the effective width of slab for an adjacent load, 
the overlapping portion of the slab shall be designed for 
combined effect of the two loads. 


TABLE 6-3 
VALUES OF £ FOR SIMPLY SUPPORTED AND CONTINUOUS SLABS : 


P k for simply k for continuous 

ler supported slabs - slabs 
eee EES 

0-1 0-4 0-4 

0-2 0-8 0-8 

0:3 1:16 1-16 

0-4 1:48 1:44 

0:5 1:72 1:68 

0:6 1:96 1:84 

0:7 2-12 1-96 

0-8 2-24 2:08 

0:9 2:36 ` 2:16 

1-0 and 2-46 2:24 

above 


(b) Cantilever slabs: Yor cantilever solid slabs, the 
effective width shall be calculated in accordance with the 


following equation: , 
ber = 1:2 ay + a 
where | 


b.s = effective width, 


a, = distance of the concentrated load from the face 
of the cantilever support, and 


a == width of contact area of the concentrated load 
measured parallel to the supporting edge. 


Provided that the effective wi tilever slab shall 


not exceed one-third the length of the cantilever slab measured 
parallel to the i 
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And provided further that when the concentrated load 
is placed near the extreme ends of the length of cantilever 
slab in the direction parallel to the fixed edge, the effective 
width shall not exceed the above value, nor shall it exceed 
half the above value plus the distance of the concentrated 
load from the extreme end measured in the direction parallel 
to the fixed edge. 


For slabs other than solid slabs, the effective width shall 
depend on the ratio of the transverse and longitudinal flexural 
rigidities of the slab. Where this ratio is one, that is, where 
the transverse and longitudinal flexural rigidities are approxi- 
mately equal, the value of effective width as found for solid 
slabs may be used. But as the ratio decreases, proportionately 


smaller value shall be taken. 


Any other recognized method of analysis for cases of slabs 
discussed above and for all other cases of slabs may be used 
with the approval of the engineer-in-charge. 


| 6-7. Two-way slabs: The two-way spanning slab 
occurs when the slab is supported on all four edges. The 
two-way action can be well studied by considering a thin 
flexible membrane supported on all four edges. This is 
illustrated in fig. 6-12. If J, is much greater than /,, the 
membrane deflection is in direction of L. Now keeping lx 
constant, l is reduced and the deflection of the membrane is 
observed. When ly < ls; from this point it can be observed 


k= Shorter side 
i= Longer. side 


Membrane 
Support 


Fic. 6-12 
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that the membrane starts deflecting in the direction of £, also. 
If l, is further reduced, the deflection in direction of /, 
decreases and in direction of J, increases. When |, = |, 
the membrane deflects as a saucer. The deflection in this 
case is smaller than what it was for the first case i.e. L, >> ls. 
When J, > 2l, the case is a one-way spanning and when 


ly < 2l,; or b < 2; the case is a two-way spanning. 
"x 
The above discussion shows that when a two-way slab is 
used, compared to one-way slab, the deflections and bending 
-of -slab are reduced; i.e. bending moment is reduced. In 
fact, bending moment is distributed in both the directions. 
This increases the load carrying capacity of the slab. 


The two-way slabs can be simply supported or restrained 
slabs. In simply supported slabs, the corners can lift away 
from the support while for restrained slabs, the corners are 
held down by edge beams. The corners are held down by 
means of the stiffness of the beam and therefore at corners, 
torsion is induced. The slab should be capable of resisting 
torsion at corners. Also the edge beams shall be designed 
for torsion. When there is a continuity in slab, the corners 
are held down by means of continuity effect and hence, no 
provision for torsion is required for continuous slab on all four 
sides. It should be clear that this slab will not induce any 
torsion in supporting beams. s 


6-8. Simply supported two-way slabs: Here the 
corners can lift away from the supports and do not require 
the provision for torsion. These slabs can be designed 
in accordance with appendix C-2 of IS :456-1978. The 
moments can be found out as follows: ! 


When simply supported slabs do not have adequate 
provision to resist torsion at corners and to prevent the corners 
from lifting, the maximum moments per unit width are given 
by the following equations: 

M x = O. W. Lë 
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where referring fig. 6-13, 

My, My = moments on strips of unit width spanning /, and 

l, respectively, | 
— coefficients given in table 6-4, : 
== lengths of the shorter span and longer span 

respectively, and 
w =: total design load per unit area. 
eee Ip SS 


€ yy Ay 


ad ls, ly 


x 

i k 
1 

x 


-» Im H— 


Simply supported two-way slab 
Fic. 6-13 


The coefficients are given in table 23 of IS : 456 and are 
reproduced in table 6-4. 


TABLE 6-4 


BENDING MOMENT COEFFICIENTS FOR SLABS 
SPANNING IN TWO DIRECTIONS AT RIGHT 
S ANGLES, SIMPLY SUPPORTED ON FOUR SIDES 


WDR iuam A wl ROS dd aD Ne 000 
5 £D. dp? 312 BO 14-15 95 POSADA SD 

xx 0.062 0-074 0-084 0-099 0-099 0-104 0-113 0:118 0-122 0-124 
- ay 0.062 0-061 0-059 0.055 0.051 0.046 0.037 0-029 0.020 0:014 


So salads er. espe yaaa MM I s 
IS :456 also states that at least 50% of the tension 
reinforcement provided at mid-span should extend to within 
0:1 J, or 0-11, of the support, as appropriate. 


JS | 
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c: 

The shear stresses shall be checked as per one-way slab. 
The load causing maximum shear is shown in fig. 6-14. 
The loads on beams supporting solid slabs spanning in two 
directions at right angles and supporting uniformly distri- 
buted loads, may be assumed to be in accordance with fig. 6-14. 


Load causing 
shear at support 


— Im i— 


Load carried 
by beam A 


Beam B Load carried by beam B 


Loads on beam 
Fic. 6-14 


The deflection of two-way slabs shall be checked as per 
one-way slabs. 


Note 1: For slabs spanning in two-directions, ' the . 
shorter of the two spans should be used for calculating the 
span to effective depth ratios. 


Note 2: For two-way slabs of small spans (upto 3:5 m) 
with mild steel reinforcement, the span to overall depth ratios 
given below may generally be assumed to satisfy vertical 
deflection limits for loading class upto 3000 N/m? (300 kg/m?) : 

Simply supported slabs 35 
Continuous slabs . 40 


For high strength deformed bars of grade Fe 415, the- 
values given above should be multiplied by 0-8. 


A The bar spacing controls remain same as per one-way 
slabs. . Pa 
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Example 6-4. 

A drawing room of a residential building measures 4-3 m x 6:55 m. 
It is supported on 35 cm thick walls on all four sides. The slab is 
simply supported at edges with no provision to resist torsion at corners. 


Design the slab using grade M15 concrete and tor steel reinforcement 
' of grade Fe 415. 


Solution: 


Consider 1 m wide strip. Assume 18 cm thick slab. 
L. = 43 -- 0:18 = 448 say 4:5 m. 
l, = 6:55 + 0:18 = 6°73 say 6:75 m. 
Dead load: self 0-18 x 25 = 4-5 kN/m? 
floor finish = 1-0 kN/m? 
live load (residence) = 2:0 kN/m* 
Total 7-5 kN/m? 


6:75 
í L'un 209 
Mx = 0-104 X 7-5 X 4-5? = 15:8 kNm. 
M, . = 0:046 x 7:5 x 45* = 6:99 kNm. 
| V 158x105 
required = 1000 x 0-65 = 156 
dson = 180 — 15 (cover) — 5 = 160 > 156. .(O.K.) 
dine = 160 —10 = 150 
. 6 
Ast (short) = xS ae XI = 477 mm’. . 
: ; E : 
Minimum steel — T x 1000 x 180 = 216 mm*. 


Provide 10 mm Q about 160 c/c = 491 mm* in short 
span and 8 mm @ about 200 c/c = 250 mm? in long span. 


The bars cannot be bent or curtailed because if 50% 
of long span bars are curtailed, the remaining bars will be 


~ less than minimum. 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


«ne 


L] 


236 Reinforced Concrete [ Ch. VI 


Check for development length: 
Long span V — 7:5 x 2:25 — 16:88 kN. 
M, = 250 x 230 x 0-9 x 150 x 1079 = 7-76 kNm. 
Assuming L, = 8 4, 
. 6 
im + 8 $ > 69 $ 
WINCHUYPIVES pie 10:9 In... eo yu Pas sa (O.K.) 
Short span V = 7:5 x 2:25 = 16:88 KN. 
M, = 491 x 230 x 0:9 x 160 x 1075 = 16:26 kNm. 
Assuming L, == 8 ç$, | 
16:26 x 10$ 
16:88 x 103 +8 $ 269 $ 
which gives b « 20-53 mm.................... (O.K.) 
This shows usually bond is critical along long direction. 
Check for shear: 
"This is critical along long span. 
16:88 x 10? 
1000 x 150 
100 4, 100 x 250 
bd ~ 1000 x 150 — 9 109. 
kv, = 0:2 X 1:2 = 0:24. N/mm*......... (O.K.) 
It shall be noted that IS : 456 gives value of t, minimum 
for 0:25% and SP : 16 gives value of t, minimum for 0:2% 
reinforcements. A formula to find out the permissible shear 
- stress is given for limit state theory in SP : 16, however, nothing 
is mentioned for elastic theory. It is therefore considered that 
for a steel per cent less than 0:2, the value of v, for 0-29/ steel 


will be adopted. It is hoped. that new edition of IS : 456 
will include this in table 17 and table 13 of code. 
Check for deflection: 
This check is critica] along short span. 
span | 


Basic m ratio — 90. 


1:3 X 


13 xX 


Shear stress = = 0:112 N/mm*. 
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100 4, — 491 x 100 


bd ~ 1000 x 160 ~ 0? 
Modification factor = 1-4. 
Permissible E ratio = 20 x 1:4 = 28 
span  . 80 
€ l — [re M em iacu! eet sU SS ed CEN 
actua d ratio 160 28 


Check for cracking: 


Maximum spacing permitted for short span steel 


3 x 160 = 480 or 450 mm i.e. 450 mm. 


Spacing provided -— 160 mm.............. 
350 
a aa 
A 


—— lo @ 160 c/c 
R 8d G 200 cic 


(a) Plan 


| ⁄ [- 10 Q @ I60 c/c 
8 9 200 c/c 
Eben 4300 EE 
350 350 


(b) Section A-A 
Fic. 6-15 
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Maximum spacing permitted for long span steel 
= 3 x 150 = 450 mm. 
Spacing provided = 200 mm......-..++++++++- (O.K.) 


Sketch: ‘The designed reinforcement of slab is‘ shown 
in fig. 6-15. 


6-9. Restrained two-way slabs: In restrained two- 
way slabs, the corners are restrained and not allowed to 
lift away from the supports. If this is done, there induces a 
torsion at corners and the slab shall be suitably reinforced 
for torsion. According to IS :456, the slabs spanning in 
two directions at right angles and carrying uniformly distri- 
buted load may be designed by any acceptable theory or by 
using coefficients given in Appendix C of IS :456. This is 
explained as follows: 


The maximum bending moments per unit width in a 
slab are given by the following equation’: 

M; = dy" wl l 

M, = dy we L. 


where 
&, and «y are coefficients given in table 6-5, E 
= w = total design load per unit area, 
My, M, = moments on strip of unit width spanning ly and, 
l, respectively, and 


lx, ly = lengths of shorter span and longer span 
respectively. 3 


Table 6-5 gives nine separate possible arrangement of 
two-way restrained slabs. These possibilities are illustrated 
in fig. 6-l6(a) and (b). Fig 6-16(c) shows the location 
of different moments. The slabs are designed according to 
rules given in appendix C of IS : 456 and are explained below. 


. (1) Slabs are considered as divided in each direction 
into middle strips and edge strips as shown in fig. 6-17(a) ` 
and (b), the middle strip being three-quarters of the width 


and each edge strip one-eighth of the width. 
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(2) The maximum moments calculated in (1) apply 
only to the middle strips and no redistribution shall be made. 


(3) Tension reinforcement provided at mid-span shall 
extend in the lower part of the slab to within 0:25/ of a 
continuous edge, or 0-15/ of a discontinuous edge. 


&€-—— Sm — sI — xs ——> 

te zs Let] K 
! 
| 
l 
= 
rr, 


5 
2 


he 3m—9« 3m —— 3m —<— 3m —*i<— 3m —w<- 


H—— 5m -—»A 


T 9 I-Negative moment 
7 at continuous edge 
zs 2-Positive moment 
| qt mid.span 
{b) (c) Location of moments 


Panel types for two-way slabs and location of moments 
Fic. 6-16 
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(4) Over the continuous edges of a middle strip, the 
tension reinforcement shall extend in the upper part of the 
slab at a distance of 0-15/ from the support, and at least 50 
per cent shall extend a distance of 0-3 Z. 


Edge strip 


| 
Middle strip | 


„ree a nile yee} «-—— 
. — a !,—— 
(a) For span lx (b) For span by 


Division of slab into middle and edge strips 
Fic. 6-17 


(5) At a discontinuous edge, negative moments may 
arise. They depend on the degree of fixity at the edge of 
the slab but, in general, tension reinforcement equal to 50 
per cent of that provided at mid-span extending 0-1 / into 
the span will be sufficient. 


(6) Reinforcement in edge-strip, parallel to that edge, 
shall comply with the minimum reinforcement requirements, 
cracking requirements as explained previously for one way 
slabs and for torsion as explained in (7), (8) and (9) as follows. 


' (7) Torsion reinforcement shall be provided at any 
corner where the slab is simply supported on both edges 
meeting at that corner. It shall consist of top and bottom 
reinforcement, each with layers of bars placed parallel to the 
sides of the slab and extending from the edges a minimum 
distance of one-fifth of the shorter span. The area of rein- 
forcement in each of these four layers shall be three quarters 


of the area required for the maximum mid-span moment in 
the slab. 


(8) Torsion reinforcement equal to half that described 
in (7) shall be provided at a corner contained by edges over 
only one of which the slab is continuous. 


/ 
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(9) Torsion reinforcements need not be provided at 
any corner contained by edges over both of which the slab 
is continuous. 


(10) Where 7 is greater than 2, the slabs shall be 
x 


designed as spanning one-way. 


F 


| 
| Middle strips | 


| 
| 
AEN HE 


(a) Plan 


0.3f 10.3 


Ic 
041! Ast 0.15 1 O15 4 
ki > KC 
p== 


| LAs: | | 
Cut off not more than — —- 

SO». of bars 945 MAE 

EE &—0.25 [>e 0.25 I> 

TUNE Og comme xu 


(b) Section A-A 


IS requirements for two-way slabs 
Fic. 6-18 


'The above requirements are illustrated in fig. 6-18. 
It is important to note that curtailment of bars can be done only if the 
continuing bars provide minimum reinforcements and satisfy the 
development length requirements. Usually in most cases the 
bars cannot be curtailed as restricted by these requirements. - 
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Example 6-5. 


A part plan of a banking hall is shown in fig. 6-19(a). “The. DA. 
slab is restrained with edge beams. Using M20 grade concrete. d 


and tor steel reinforcement of grade Fe 415, design slab S,. 


K Sm 


> 


| 

Sı l 
Middle strip | : 

| 


Edge strip 


Li 
- 


-»—H— 3750—»1—1«— k—s— m 
625 625 am 
(a) Plan (b) Moment coefficients 
Fic. 6-19 
Solution: 


Assume 15 cm thick slab. 
Self load 0°15 x 25 = 3:75 kN/m? 


Floor finish = 1:00 kN/m? 
Live load = 3:00 kN/m? 
Total 7-75 kN/m?. 
D: 5 
PATERE 


Middle strip: 
M,; M, = 0:047 x 7:75 x 55 = 9.11 kNm. 
M, == 0:085 x 7-75 x 5? = 6-78 kNm. 
For M20 mix and Fe415 steel Q = 0:91 
9:11 x 106 
1000 x 0-91 
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AS for positive reinforcement 
T = 150 — 15 —10 —5 = 120 mm (second layer). 


_ For negative reinforcement = 150 — 15 — 5 = 130 mm 


suis a si A Sce (O.K.) 
ae 6:78 x 108 : 
Positive steel = 230 x 0-9 x 120 ^ 273 mm*. 
Provide 8 mm (p about 180 c/c = 278 mm*. 

: 9:11 x 10$ : 
Negative steel — 930 x 0-9 x 130 = 339 mm*. 
Provide 8 mm (p about 140 c/c = 357 mm’. 
Minimum steel — oj x 150 x 1000 = 180 mm’. 


At discontinuous edges 4 and 5, 50% of the positive 


steel is required at. top =; x 273 = 136:5 mm’. 


This is less than minimum. Therefore, use minimum 
stee] at locations 4 and 5. 


Provide 8 mm (D about 240 c/c = 208 mm?. More 
steel is provided to match with the torsion reinforcement. 
Edge strip: 

In edge strip minimum reinforcements are provided 
equal to 8 mm (p about 240 c/c. : 
Torsion steel: 

At corner 4, 

Steel required = $ x 273 = 205 mm*. 

Use 8 mm (D about 240 c/c = 208 mm?. This will be 
provided by minimum steel of edge strip. 

At corner B, 

Steel required = š x 205 = 102-5 mm’. 

Use 8 mm (p about 240 c/c = 208 mm?, provided by 
the minimum steel. 

Note: that positive reinforcements are not curtailed 
because if they are curtailed, the remaining bars do not 
provide minimum steel. 
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E 
Check for shear: x - 
` b T š 


At point 1 or 3 it 
S.F. = 7-75 x > ++ n = 19-38 + 1:82 = 21-2 KN: £ 
1004, _ 100x357. . : 
bd ~ 1000x130 ~ 0275 
Te = 0:228 N/mm?. 
kt; = 1:3 x 0-228 = 0:296 N/mm? 
(M20 mix; 150 thick slab) 
: 21-2 x 103 ` Š 
aus shear stress — 1000 x 130 ^ 0:163 N/mm?. 
At point 4 or 5 


S.F. = 7-75 x ; — 19-38 kN 


1004, _ 100 x 278 _ iog 
bd 1000 x 120 
Te = 0212 N/mm? 
k Te =1:3 x 0-212 = 0:276 N/mm?. 


19:38 x 103 
. en ny 2 
Actual shear stress = 1000 x 120 ~ 0:162 N/mm 


Check for development length: 
This is critical at point 4 or 5. 


At point 4 or 5 
V = 19:38 kN. 


No bar is curtailed or bent up 
M, = 278 x 230 x 0-9 x 120 x 10-6 
= 6:9 kNm. 
a L,—89 
S Mr > L4 where L4 for M20 mix = 51 $ 
š 6:9 x 108 
73 X igsg xis + 8 Sake 
which gives < 10-76mm..... DUIS idum dg 
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Check for deflection: 


° 


; y>. 
20 1 .. Span ^ 
"5. Basic p ratio — 26. 


TA d 
T Positive steel = 278 mm2. 
Actual d = 150 — 15 — 8 --4 = 123 mm. 


1004,. 278 x 100 
bd 1000 x 123 


Modification factor — 1:55. 


= 0:22. 


Permissible span 


ratio = 1:55 x 26 = 40:30. 


span | Qo = 5000 
d: RIDGE 

This is very near to thc permissible value and no 
redesign is necessary. It shall be noted that for slabs, the 


deflection check is very important and may govern the 


thickness of slab. 
ZI me aL 


Check for cracking: 
Main reinforcement : Maximum spacing permitted 
= 3 x 120 == 360. mm. 


Spacing provided = 180 mm............- (O.K.) 


Actual = 40-65. 


Secondary reinforcement: 


The bottom reinforcement are both ways and therefore 
no necessity of secondary reinforcements. However, top 
reinforcement in edge strip requires the secondary steel for 
tying the bars. 


This is oa x 150 x 1000 = 180 mm’. 
Provide 8 mm @ about 240 c/c= 208 mm? for 


. uniformity in spacing. 


The arrangement of reinforcement is given in fig. 6-20. 
For clarity, top and bottom reinforcements are shown 


separately. 
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resi 3150 — — «625» eS D. 
r DI a % I 


KJ» 
L9 A] 


"I 


7 APER | 
Edge strip 
8d @ 240: 


k——+— Middle strip 
Edge strip O cjc 
8p G 240 c/c L> 


0 


ce 


8G 18 


> 
M 
wi 


EB 
l — Middle strip —————»9«——9 


Edge strip 809180 c/c Edge strip 
806 240 c/c 8o 240 cfc 


(a) Bottom plan 


800 G-240 c/c 
8H@140c/e ` 


io 


$c 240 c/c 809180 cjc 
806180 c/c 


86-240 c/c 


"$00. K— 1500 ——«——1500-—»^i 
t6 25r —  — —3750 — — À— —ÀP»4625»| 


(c) Section A-A 


^ 


Reinforcement details 
Fic. 6-20 
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"WC o 
EX. Oo: 
Š QA 
e to e 
Y 3 
t» 
— 
ca 
A; 2g 
E m @ 
e 
[7] 
: $ 
O 
2 > 
° nA 
| i: 
IX 
O co 
Qo 
Q 
x 


- 
1000-4 ^P i— 1500 —<— I500—» 
I —— — 3150 >_>} 


625 625 
8ğ@ 240 c/c  8QelO0c/c  spQ210.c/c 


(b) Top plan 


8O@ 180 c/c 
SQ QI80 c/c 
809240 c/c 
K—— 1500 —4— 1500 — ‘ an 


625 3750 625 
(d) Section B 8 


Reinforcement details 
Fic. 6-20 
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6-10. Stair slabs: The staircases are used to give an 


access to different floors of a building. The components . ` 


of stair are explained in fig. 6-21. The inclined slab ofa” 
stair is known as flight of stair while the straight portion 
other than the floor level is known as the landing. While 
going on flight, one travels vertically. The landing is provided 
midway either to turn the position and/or to relax while 
going up. The vertical height of the step is known as rise 
and the available horizontal distance on a step is known as 
tread. Tread consists of going and nosing. The net hori- 
zontal distance used in plan is known as going and additional 
nosing is done to get the required tread. This is shown 
in fig. 6-21. Nosing is not always provided. If the space 
for stair case is sufficiently available, then nosing is not neces- 
sary. However, this is decided by the Architect in charge. 


«—— Landing —»» . 


Step 


k- Tread > 


Nosing 
—H« Going 


Nomenclature of a staircase 
Fic. 6-2] 


The stairs are grouped into two types according to their 
use. They are (a) private stairs and (b) common stairs. 
Private stair is used for one family and common stair is used for 
more than one family or the stair of a commercial building, 
theatre halls, school buildings etc. For a private. stair the 
care 1s taken that rise is not more than 200 mm and 
tread is not less than 230 mm. These are minimum require- 
ments and usually a tread of 250 mm to 280 mm and a rise 
of 175 mm to 200 mm is provided depending on the space 
available. For common type stairs the rise is reduced and tr ead 
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ae s 


"is increased. This will depend on the use of the building and 
the space available. For any case the clear headway of 
9-kem is required on any step and for one flight the dimensions 


. of tread and rise for all steps are kept same. 


6-11. Classification of stairs: 'There are many 
types of staircases provided in buildings. Structurally 
speaking, the types of staircases are two: 


Building inside 


E Ground floor L Mid landing 


(a) Straight stair 


N 
CERERE + 
inns illia! 


Landing at F.F. level 


Zan 


(b) Dog-legged stair (c) Two flight open newel stair 
BEN 


T. well 

Ie 
F = 
acs 


ull Landing 


(d) Three flight open ie) Four flight open newel stair 


O mm 


S 
— K— 


Maximum | 


Di 


m 


newel stair 


Common types of staircases 
he . 6-22 
(a) Spanning bons e.g. between ie beams 
of one floor to other floor or one floor to landing on : 
tion i.e. each step 
b) Spanning in transverse direc 
ae between two parallel beams or cantilevered from 


one beam, or wall. 
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According to arrangement of stair, some popular stairs > 
are discussed below: K 


(1) Straight stair: This is a long narrow staircase + 
that may or may not have landing. These stairs are popular 
in buildings, where the stairs are kept outside the building. 
This is shown in fig. 6-22(a). 


(2) Dog-legged stair: This consists of two separate 
opposite flights as shown in fig. 6-22(5). The clear distance 
between two flights in plan may be zero to 150 mm. 
Landing is provided where the two flights meet. 


(3) Open newel stair: This consists of two or more 
flights and an open well between the flights in plan. For two 
flight open newel stair, it is similar to the dog-legged stair 
except the clear distance between two flights in plan is 
more than 15 cm and is structurally spanning between the 
flights. In general, open newel stair has a stair well which 
may be used for ventilation purpose or sometimes it is used 
as a lift well. Open newel stairs are shown in fig. 6-22(c), 


(d) and (e). 


6-12. Design requirements for stair: 


(a) Live loads on stair: “This is given in table 1 of 
IS : 875 and shall be taken as follows: | 


Effective span for stairs supported at each end 
by landing spanning parallel with the riser 
Fic. 6-23 


(1) Stairs, landing and corridors for floors in dwelling 
houses, tenements, hospital wards, bed rooms and private 
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| sitting rooms in hostels and dormitories but not liable to over- 
crowding, the live load shall be 3 kN/m? of floor area. 


(2) Stairs, landing and corridors for above mentioned 
floors liable to over-crowding and for all other classes the live 
load shall be 5 kN/m? of floor area. 


(3) The live load mentioned in (1) and (2) shall be 
subjected to minimum of 1:3 kN concentrated load at 
the unsupported end of each step for stairs constructed 
out of structurally independent cantilever steps. 

(b) Effective span of stairs: The effective span of stair 
without stringer. beams shall be taken as the following 
horizontal distances. 

(1) Where supported at top and bottom risers by beams 
spanning parallel with the risers, the distance centre to centre 
of beams. 


(2 Where spanning on to the edge of a landing slab, 
which spans parallel with the risers (fig. 6-23), a distance equal 
to the going of stairs plus at each end either half the width 
of landing or one metre, whichever is smaller. 


I«— W — 
VLLL, 
E 
"3 
Ss 
ur 
— 
W/2 
[i The load on areas common to 
W x (wo systems to be taken as 
J wa one half in each direction 
Loading 
Loading on stairs with open wells 
Fic, 6-24 
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(3) Where the landing slab spans in the same direction. 


as the stairs, they shall be considered as acting together^to 
form a single slab and the span determined as distance centre 
to centre of the supporting beams or walls, the going being 
measured horizontally. 


(c) Distribution of loading on stairs: In the case of stairs 
with open wells, where spans crossing at right angles occur, 
the load on areas common to any two such spans may 
be taken as one-half in each direction as shown in fig. 6-24, 
where flights or landing are embedded into walls for a length 
of not less than 110 mm and are designed to span in the 
direction of the flight, a 150 mm strip may be deducted from 
the loaded area and the effective breadth of the section 
increased by 75 mm for purpose of design (fig. 6-25). 


(d) Depth of section: The depth of section shall be 
taken as the minimum thickness perpendicular to the soffit 
of the stair case. This is shown in fig. 6-21. 


Ho Pu 150 mm 


Leading ——» 


— 75 mm 
Effective breadth >— 


Loading on stairs built into walls 
Fie. 6-25 
Example 6-6. 


. The arrangement of a dog-legged staircase in a residential 
building is shown in fig. 6-26. Rise of step is 16 cm and tread is 
25 cm. Nosing is not provided. The materials are grade M15 
concrete and mild steel reinforcement. Design the staircase. 


Solution: 


ene 150 mm thick waist slab. Landing can span on 
wa 
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e Š Landing A or B 
3 — Self load 0:15 x 25 = 3:75 kN/m? 


Floor finish = 1:00 kN/m? 
Live load (residence) = 3:00 kN/m? 

Total 7:75 kN/m? 
Span = 1950 + 150 = 2100 i.c. 2:1 m. 


es 
l 
x 


o | 
1950 


230 | 230 


— k-900k 
300 


2250————9- 900 51. K— 
330 


Fic. 6-26 


Reinforcement will be in second layer. Assuming 12 $ 
bars, d — 150 — 15 (cover) — 12 -- 6 — 117 mm. 


4-27 X 108 
required = umm :87 x 1000 = 70 mm.......... (O.K.) 
4-27 x 105 


EE LUN S sO ms 
Ast = 140 x 0:87 x 117 pz 


Minimum steel = a x 1000 x 150 = 225 mm. 


Provide 10 mm % about 250 c/c = 314 mm*. 
Maximum spacing = 3 x 117 = 351 mm..... . (O.K.) 
Check for shear: 
V -5 x 7:75 = 8:14 KN. 


8:14 x 103 c 
. 9r ^ — = 0:07 N/mm? < 0:2 N/mm 
Shear stress = 1959 x 117 | (too small). 
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Check of development length: 


Assuming L, = 12 $ (mild steel) "s 
M, = 314 x 140 x 0:87 x 117 x 10-9 = 4:48 kNm. 
V —814 kN. 
4-48 x 10° 
L3 X Frais T 12 $ 2 58 $ 
winchspives o « 15:55 mm... ee L... Sas yawa. (O.K.) 
Check for deflection: 
span 


Basic Ud ratio — 20 


100 As _ 100 x 314 
bd |. 1000 x 117 
Modification factor = 2 


— 0:27 


SPAT ratio permissible = 2 x 20 = 40 


d 
span. _ 2100 _ 
actual 3 ratio — EPUM 17:95:22 AD ioe wre gre (O.K.) 


Design of flight: 

Span and loading on both the flights are same. There- 
fore same design will be adopted. 
Loads: 

Inclined length of waist slab for one step 

= V252 + 163 = 29:68 cm. 

Assuming 15 cm thick slab, 


self load in plan = T X 0:15 x 25 = 4:45 kN/m?. 


Floor finish length for one step 
= 16 + 25 = 41 cm. 


41 
Floor finish — — 
r finish 25 x 1 


= 1:64 kN/m? 
: 0 4- 160 
Weight of CIUS giras = p; 
ight of step 5000 x 25 2:00 kN/m? 
Live load = 3:00 kN/m? 


Total 11:09 kN/m? 
| say 11-1 = kN/m*. 
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Landing is spanning in transverse direction. The span 


Of-stair according to discussion made in art. 6-10 and loading 


for 1 m width of stair is shown in fig. 6-97. 


ll.] kN/m 
7.75 kN/m 7.75 kN/m 


RA =16.56 kN}. Ra = 16.56 kN 
525 »»&——————— 2250 —— — 99 55 


ak 


Loading on flight 
Fic, 6-27 


R, = R, = 0:525 x 7:75 + = X 11:1 


= 4-07 - 12-49 = 16:56 KN 
1-652 1-1252 


M = 16:56 x 1:65 M ETE x 7:75 — x 3:35 
= 27:32 — 10:55 — 2-19 = 14:65 kNm. 
1/14-65 x 106 
drequired = P 1000 x 0°87 = 129 mm. 
Uprovided = 150 — 15 —6 = 129 mm............. (O.K.) 
14-65 x 109 
— —— p o p= 2 
"TAO SORT Se UC ee 
Provide 12 mm 9 about 120 c/c = 942 mm*?, 
Distribution steel = ca x 150 x 1000 = 225 mmz. 
50 x 1000 


Spacing of 8 mm $ = ae REDE 222 mm. 


Provide 8 mm ç about 220 c/c = 227 mm*. 


Check for shear: 
V = 16:56 KN. 
. 16:56 x 10? 
Shear stress =——— V = 0128 N/mm. 
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1004, 100 x 942 
BESS eee IESU 
M 1000 x 129 O 
t, = 0:336 N/mm? k = 1:3. 


‘Permissible shear stress = 1-3 x 0:336 = 0-437 N[mm?, ^ 


E Lai (O.K.) 


If the reinforcements are provided throughout at bottom, 
at landing, the bar will tend to split the concrete. To avoid 


this, two separate sets of bars are used as indicated in fig... 
6-28(b). Note that this is equivalent to a lap at point P 


and the top bars on both sides should be extended upto Ly 
and bottom bars of course into the support. 


Straightening 
of bar induces tension 
and split up the concrete 


(a) Wrong arrangement (b) Correct arrangement 
Reinforcement details at landing 


Fic. 6-28 


At point P, the bending moment is reduced. If designer 
wishes and if check for shear, development length and cur- 


tailment rules can be satisfied; he can reduce the bars of set . 


B. In such cases instead of reducing the number of bars, 
it is advisable to reduce the bar diameter keeping the spacing 
constant for the bars of set B e.g. for a given problem 10 mm $ 
about 120 c/c may be used in set B, if other checks are 
fulfilled. However, in this problem this reduction is not 
done and for set B also, 12 mm 4 about 120 c/c are used. 


Check for development length: 


M, = 942 x 140 x 0-87 x 129 x 107* = 14-8 kNm. 
F = 16:56 kN. | 
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Assume JE ID) 
14-8 x 109 
V9 ^ 1656 x 105 + 12 Pee 
which gives $ « 25-26mm.................... (O.K.) 


From crossing of bars, the bars must cxtend upto 
58 x 12 = 696 say 700 mm. 


10 @@350 c/c 
(Landing) 


12€» @ 120 c/c m 


8a 220 ck 
150 mm thick waist slab 


S 
SV 


2 ` 
= SS 700 
Flight - B SS * Minimum > Y 
a0 Zi = As 


10 b: 250 c/c 
(Landing) 


L g q eë 220 ce 
12 @ 120 cic 


150 mm thick waist slab 


JO 250 c/c 


Fro. 6-29 


Check for deflection: 


Basic SP T ratio — 20 


1004; _ 100x942 _ 0.73 
bd — 1000x129. 
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Modification factor = 1:6. 


ratio = 1:6 x 20 == 32. 


Permissible SPARA 
00 57 i, | 
Actual TT ratio — T = 25:58 < 32...... (O.K.) 


Check for cracking: 
Main bars: maximum spacing permitted — 3 X 129 


— 387 mm. 
Spacing provided = 120 mm.................. (O.K.) 
Dist. bars: maximum spacing permitted = 5 X 129 
. = 645 mm 
- or 450 mm whichever is less i.c. 450 mm. 
Spacing provided = 220 mm............ (O.K.) 


Sketch: 


'The reinforcements for both flights are shown in fig. 
6-29. 


Extra 
top bars 


Main steel 
Dist. steel 


= > 
Simply supported Ouerhang 
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os 


^. . Ground 
floor 


floor level 


—Beam adjusted In step 
Extra top at support 


Main steel 
bs pur steel 


Section 


Fic. 6-30(a) 


l Beam 


Extra top at 
support 


Beam 


i i ifferent stairs x 
Typical reinforcement details for di 
m Fic. 6-30(4) | x 
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6-13. Structural details for some stairs: Stair- jv 


case is a specia) case of an inclined slab. While studying the” 


slab, we have studied simply supported, cantilever ^or 
continuous slabs. Staircase also may be simply supported 
(Example 6-6), continuous or cantilever. These stairs may 
be designed by the same principles used for slabs. However, 
structural details of some stairs are shown in fig. 6-30. 


EXAMPLES VI 


(1) Design a simply supported one-way slab of span 2:8 m centre 
to centre of supporting beams of a corridor in office building. 
The live load shall be taken as 5 kN/m?. The materials are 
M15 grade concrete and tor steel reinforcement of grade 
Fe 415. 


(2) A five span continuous one-way slab is to be used for school 
building. The centre to centre distance of supporting beams 
is 3:0 m. Design the slab using M15 grade concrete and tor 
steel reinforcement of grade Fe 415. 

(3) Design a terrace slab of a room 3:2 m Xx 4:3 m size and 
simply supported on all four sides on 230 mm thick masonry 
walls. - The water proofing load shall be taken as 2 kN/m? 
and live load may be taken as 1:5 kN/m?. Use M15 grade 


concrete and mild steel reinforcement. Floor finish may 
be taken as 1 kN/m!?, 


(4) Design slab S, of fig. 6-9 cantilevered from bottom of the 
beam B}. Size of beam B, is 300 mm wide x 600 mm overall 
depth and slab S, is at the top of beam B, (live load on this 

slab-may be taken as 2 kN/m? as this slab is not to be used 
as balcony slab). Design the slab using M15 grade concrete 


and mild steel reinforcement. Sketch the details of reinfor-. 


cement showing the anchorage of bars in beam. Also find 
the torsional moment to be resisted by beam By. If the 
beam B, is built into the columns, draw the torsional 
moment diagram for beam Bs. 

(5) Design the staircase of fig. 6-26 if the live load is 5 kN/m?. 


Use M15 grade concrete and tor stéel reinforcement of 
grade Fe 415. 
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sisse. (6) 


An interior panel of a slab measures 4-5 m X 6:0 m centre 
to centre of supporting bcams. Floor finish may be taken 


` * as 1 kN/m? and live load shall be considered as 4 kN/m?. 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 
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‘Design the slab using (a) M15 grade concrete and mild steel 


(b) M20 grade concrete and tor steel reinforcement of 
grade Fe 415. 


A simply supported one-way porch slab is spanning on two 
beams 3 m apart. Design the slab using M15 grade concrete 
and tor steel reinforcement of grade Fe 415. 

A slab ABC is supported at A and B and BC is overhang. 
AB — 4 m and BC — 1:2m. AtC, there isa concrete parapet 
of 90 cm high. Design the slab for residential loads. The 
materials are M15 grade concrete and tor steel reinforcement 
of grade Fe 415. 

A four span continuous one-way slab is to be used for a 
marriage hall. The centre to centre distance of supporting 
beams is 3:6 m. Design the slab using M15 grade concrete 
and tor steel reinforcement of grade Fe 415. 

A continuous slab ABCDEF is supported at A, B, C, D, E and 
F. The span of exterior panels AB = EF = 3 m, while 
that of interior panels BC — CD — DE — 3:6 m. The slab 
is to be used as an office floor with separate storage 
provision. Design thc slab using MI5 grade concrete and 


tor steel reinforcement of grade Fe 415. Analyse the slab. 


using moment distribution. ‘ 

A two-way simply supported slab is resting on 23 cm thick 
masonry walls on all four sides. If the room dimensions 
are 4:5 m x 4:5 m, design the slab for residential loads. 
The materials are M15 grade concrete and mild steel 
reinforcement. . 
Design a two-way restrained slab panel 3 of fig. 6-16 for 
office loads. The materials are M15 grade concrete and tor 
steel reinforcement of grade Fe 415. 

A stair-room is 3 m wide. A dog-legged stair is to be provid- 
ed in two flights for a floor height of 4:2 m. The rise and 
tread shall be 15 cm and 30 cm respectively . The stair is to 
be used for an office building. Propose the architectural 
arrangement and design the flights. The materials are grade 
M15 concrete and tor steel reinforcement of grade Fe 415. 
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Columns 


w u..." .... s... 


7-1. Introductory: The columns in a building are 
usually carrying axial compressive loads. In addition to the 
axial loads, usually columns also carry some moments. A 
column with only axial load is practically impossible. The 
moment in column may be due to gravity loads, wind loads 
or earthquake loads. Even the internal columns of a symme- 
trically framed building carry (may be small) the moments 
due to gravity loads when different types of live load arran- 
gement is made. For wind and earthquake loads all columns 
carry some moments. 

The shape of column may be square, rectangular, circular 
or any other shape depending on architectural requirements. 
Tee shape, ell shape or swastik columns are also used to match 
with the architectural requirements. Some popular shapes 
of column are shown in fig. 7-1. 


E 0 


$quare . Rectangular, Circular 
Tee Ell Swastik 
Fic. 7-1 _ | 


f 7-2. Definitions and general requirements: The 
following are some definitions and general requirements as 
given by IS :456. ` | 
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nw (1) Column : A column or strut is a compression member, 
“the effective length of which exceeds three times the least 
lateral dimension. 
(2) Short and slender column: A compression member 
may be considered as short when both the slenderness ratios 
L. l 

— and are less than 12. 

D ; n 12 
For more exact calculations a column is short if the 


slenderness ratios le or ty are less than 40 
| txe by 
where 
L, = effective length in respect of the major axis 
D = depth in respect of the major axis 
ly = effective length in respect of the minor axis 
b = width of the member 
ij, = radius of gyration in respect of the major axis 
by = radius of gyration in respect of minor axis. 


It shall otherwise be considered as a slender com- 
pression member. š 

(3) Unsupported length: The unsupported length l, 
of a compression member shall be taken as the clear distance 
between end restraints. For more details IS : 456 may be 
consulted. : 

(4) Effective length: In the absence of more exact 
analysis, the effective length /,;of columns may be obtained . x 
as described in table 24 of IS :456. This is reproduced in 
table 7-1. š 

(5) Slenderness limits for column: The unsupported 
length between end restraints shall not exceed 60 times the 
least lateral dimension of a column. 


If, in any given plane, one end of a column is unrestrained, 
| 100 2? 
its unsupported length /, shall not exceed D 


where 
b — width of that cross-section | 
D == depth of the cross-section measured in the plane 
under consideration. 
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(6) Minimum eccentricity: All columns shall be designed s^ 
for minimum eccentricity equal to the unsupported length 
of column/500 plus lateral dimension/30, subject to a 
minimum of 20 mm. | 


TABLE 7-1 
EFFECTIVE LENGTH OF COMPRESSION MEMBERS 


Theoretical Recommended 


Degree of end restraint value of value of 
No. . ? . . 
of compression member effective effective 
length length 


' (1) (2) (8) 


(1) Effectively held in position and restrained 
against rotation at both ends 0:5 / 0:65 / 


(2) Effectively held in position at both ends, 
restrained against rotation at one end 0:7 ! 0-80 / 


(3) Effectively held in position at both ends, 
but not restrained against rotation 1:00 Z 1:00 / 


(4) Effectively held in position and restrained 
against rotation at' one end, and at the 
other restrained against rotation but not 
held in position 1:00 / 1-2 1 


(5) Effectively held in position and restrained 
against rotation at one end, and at the 
other partially restrained against rotation 
but not held in position -- 1:5 í 


(6) Effectively held in position at one end but 
not restrained against rotation, and at the 
other end restrained against rotation but 
not held in position 2-00 / 2:00 1 


(7) Effectively held in position and restrained 
. "against rotation at one end but not held in 
position nor restrained against rotation at 

the other end 2-00 Z 2:00 ! 


Note: J is the unsupported length of compression member. 


7-3. Reinforcement requirements: A column 
contains longitudinal and transverse reinforcements. 
Transverse reinforcements may be (a) transverse tie or (b) 
helical reinforcements. Usually transverse ties are used in 
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“columns. Helical reinforcements are sometimes used in 


circular column. Fig. 7-2 shows typical reinforcements in 
columns. 


- 
` ` 
V U 


— Longitudinal 


reinforcement 
Longitudinal 


a reinforcement 
Transverse ties 


Transverse ties 


Typical reinforcements in column 
Fic. 7-2 


The reinforcement requirements are set out in clause 
25.5.3 of IS : 456. They are summarized as follows: 


Longitudinal reinforcements: 
(1) The bars shall not be less than 12 mm in diameter. 


(2) There shall be minimum four bars in rectangular 
column and six bars in a circular or helically reinforced 


columns. | l 

(3) Spacing of longitudinal bars along the periphery 
of column shall not exceed 300 mm. This is a requirement 
of cracking. ; j 

(4) Minimum cross-sectional area of longitudinal bars 
shall be 0-8 per cent of the gross cross-sectional area of the 
column. Ifacclumn has a larger cross-sectional area than 
that required to support the load, this minimum arca of bars 
shall be based on the concrete area required to resist the 


direct stress and not upon the actual area. 
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(5) Maximum cross-sectional area of the longitudinal” 


bars permitted is 6 per cent of gross cross-sectional area. 
Hoz P te Cros sectional area shall not exceed 4 
per cent. (In fact at laps, the total area of steel in other words 
is not to exceed 8 per cent.) i 


(6) In case of pedestals (which will be studied with 
foundations) in which the longitudinal reinforcement 
is not taken into account in strength calculations nominal 
longitudinal reinforcement not.less than 0:15 per cent of the 
cross-sectional area shall be provided. — 7 


ee 


Transverse reinforcement: 
(a) General: 


A reinforced concrete compression member shall have 
transverse or helical reinforcement so. disposed that every 
‘longitudinal bar nearest to the compression face 
has effective lateral support against buckling subject to 
provisions in (b). The effective lateral support is given by 
transverse reinforcement either in the form of circular rings 
capable of taking up circumferential tension or by polygonal 
links (lateral ties) with internal angles not excceding 135°. 
The ends of the transverse reinforcement shall he properly 
anchored. (This has been explained in case of anchoring 
shear reinforcement in art. 7-3.) 


(b) Arrangement of transverse reinforcement: 


(1) If the longitudinal bars are not spaced more than 
75 mm on either side, transverse reinforcement need only 
to go round corner and alternate bars for the purpose of 
providing effective lateral supports [fig. 7-3(a)]. 

(2) If the longitudinal bars spaced at a distance of not 
exceeding 48 times the diameter of the tie are effectively tied 
in two directions, additional longitudinal bars in between these 
bars need to be tied in one direction by open ties [fig. 7-3(5)]. 

(3) Where the longitudinal reinforcing bars in a compre- 
ssion member are placed in more than one row, -effective 
lateral support to the longitudinal bars in the inner rows 
may be assumed to have been provided if: 


(i) transverse reinforcement is provided for outer most. 


row in accordance with (2) and ¢ 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGanggiri Gyaan Kosha 


` SS 


A ` 3 ` è e 


h Art. 7-3] ` Columns Pat 
^. (ii) no bar of the inner row is closer to the nearest 
compression face than three times the diameter of the largest 


bar in the inner row [(fig. 7-3(c)]. 


(4) Where the longitudinal bars in a compression 
member are grouped (not in contact) and each group ade- 
quately tied with transverse reinforcement. in accordance 
with above requirements, the transverse reinforcement for 
the compression member as a whole may be provided 
on- the assumption that each group is a single longitudinal 
bar for purpose of determining the pitch and diameter of the 
transverse reinforcement in accordance with above require- 
ments. The diameter of such transverse reinforcement need 
. not, however, exceed 20 mm [(fig. 7-3(d)]. 


b>] Ko» £ 
[ 75 mm 575 mm «48 bu 


»3 al 


(aj 


— Diameter © 


>3 $ 
(c) 


Arrangment of transverse reinforcement 
Fic. 7-3 


(c) Pitch and diameter of lateral tie: 
(1) Pitch: The pitch of transverse reinforcement shall 
be not more than the least of thé following distances: 
G) The least Jateral dimension of the compression 
member. : 
(ü) Sixteen times the smallest diameter of the longi- 


tudinal reinforcement bar to be tied. 
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(iii) Forty-eight times the diameter of the transverse 
reinforcement. E 
(2) .Diameter: 'The diameter of the polygonal links 
or ties shall be not less than one-fourth of the diameter of 
the largest longitudinal bar and in no case less than 5 mm. 


(d) Helical reinforcement: 


(1) Pitch: Helical reinforcement shall be of regular 
formation with the turns of the helix spaced evenly and its - 
ends shall be anchored properly by providing one and a half ` 
extra turns of the spiral bar. Where an increased load on 
the column on the strength of the helical reinforcement is 
allowed for, the pitch of helical turns shall be not more than 
75 mm, nor more than one-sixth of the core diameter of the 
column, nor less than 25 mm, nor less than three times the 
diameter of the stecl bar forming the helix. 


(2) Diameter: .The diameter of the helical reinforce- 
ment shall be as per lateral ties. 


(c) Cover: | a 

The longitudinal reinforcing bar in a column shall 
have concrete cover, not less.than 40 mm, nor less than the ` 
diameter of such bar. In the case of columns the minimum 
dimensions of 200 mm or under, whose reinforcing bars 
do not exceed -12 mm, a cover of 25 mm may be used. 

AXIALLY LOADED COLUMNS 

The axially loaded column may be short or long (sle1.der). 
In short column the concrete and steel reach their permissible 
value of stresses before failure while for long columns the 
failure is caused also due to buckling. The design methods 
for short and slender columns are given below: 


7-4. Short columns: When a column is short, the 
safe axial load on a column reinforced with longitudinal bars 
and lateral ties is given by thc following equation: 

P =Cce A, + O sc Ase 9 * à » " 6 9 à 5» » 0 à 9 " * s à * v» V 5 5 9 9 * 6 3 3 (7-1) 


where 


G = permissible stress in concrete in direct compression 


A = cross-sectional area of concrete excluding any 
finishing material and steel 
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Osc = permissible compressive stress for column bars 
"As, = cross-sectional area of the longitudinal steel. 


Note: The minimum eccentricity mentioned in art. 7-2 (6) 
may be deemed to be incorporated in the above equation. 


The permissible load for columns with helical reinforce- 
ment shall be 1-05 times the permissible load for similar 
member with lateral ties or rings. 


Example 7-1. 


Determine a safe load on a short column 230 mm x 350 mm 
reinforced with 6 no. 16 mm dia. tor steel bars of grade Fe 415. The 
concrete is of grade M20. 


Solution : 
As = 6 x 201 = 1206 mm? 
A, = 230 x 350 — 1206 = 79294 mm* 
For grade M20 concrete o,, = 5 N/mm? 
For Fe 415 steel o,, = 190 N/mm?» 
Safe load = P = c, Ac + Sse Ase 
= 5 x 79294 4-190 x 1206 
| = 625:6 x 103 N = 625°6 kN. 
: Q 
Example 7-2. | . É T ` 
Determine a safe load on a short circular column of 300 mm 


diameter reinforced with 6 no. of 16 mm dia. mild steel bars. The 
concrete is of grade M15 using (a) lateral ties and (b) helical 


reinforcement. 


Solution : š 
Ag = 6 x 201 = 1206 mm? 


A, =; x 3002 — 1206 = 69480 mm?. 


For M15 mix o, = 4 N/mm*. 
For mild steel o, = 130 N/mm?. 
P = sÁ; + os As; When lateral ties are used 
= 4 x 69480 + 130 x 1206 | 
= 494-7 x 103 N = 434-7 KN. 
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When helical reinforcements are used, the safe load can: | 
be increased by 5%. ; 


Then safe load — 1-05 x 434-7 — 456-44 kN. 


Example 7-3. 


A short R.C.C. column is to carry an axial load of 625 EX. 
Jf the column is io^ be a square, design the column. The materials 
are grade M 15 concrete and tor steel reinforcement of grade Fe 415. 


Solution: 
Assume 0:8% steel of gross area 
As = 0-008 A, 


and A, = 0:992 A, where 4, — gross area of cross-. 
section. 


P = s Ag + os Asc 
For grade M15 concrete o,, =4 N/mm? 
For grade Fe 415 steel s, = 190 N/mm2. 
Then, 625 x 103 =4 x 0-992 As + 190 x 0-008 4, 
which gives A, = 113885 mm*?. 
If column is square, side of column — 337 mm. 


Adopt 325 x 325 size of column (if higher size say 
350 x 350 is adopted, steel would be less than the 
minimum). 


Then, 625 x 10? = 4 (325 x eue -As) + 190 As 
which gives, 
186 Ass == 220000 


and | Asc = 1089 mm*?. 
Provide 4 no. 20 mm $ = 1256 mm2. 
1256 : 


Steel percentage — X 100 = 1:19 > 0:8 


325 x 325 
Lateral ties: 
Minimum diameter of tie = = = 5 
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Use 6 mm 4$ mild steel tie bars. 
Spacing of ties shall be minimum of: 
(1) Least lateral dimension of column = 325 mm. 


(2) 16 times the smallest diameter of the longitudinal 
reinforcement bar to be tied = 16 x 20 = 320 mm. 


(3) 48 times the diameter of transverse reinforcement 
= 48 x 6 = 288 mm. 

Use 6 mm $ about 280 mm c/c. 

The arrangement of reinforcements is shown in fig. 7-4. 


4.20 $ 
IE 
em 325 —» 
Fic. 7-4 


Example 7-4. 

Á short R.C. C. column of size 450 mm x 450 mm has to carry 
an axial load of 600 kN. Design the column using MIS grade 
concrete and mild sleel reinforcement. 


- Solution: 


A, = 450 x 450 — Asc 
og = 4 N/mm? 
c, = 130 N/mm? 
P = s< Á, + Os Ase | 
600 x 103 = 4 (450 x 450 — Asc) + 130 Asc 
= 810 x 103 + 126 As: 


which gives As = — 1667 mm’. 

Negative value indicates that there is no need of rein- 
forcements. However, minimum reinforcement has to be 
provided. In this case minimum steel is based on required 


area for direct load. 
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Area of concrete required for direct load 


3. get 
be Ac? Ac — ED KU = 150000 mmš. 
G: 4 - ç 


Minimum steel required = T x 150000 = 1200 mm}. 

Provide 4-16 $ + 4-12 $ bars = 1256 mm. 

Note: If exact steel say 6 no. 16 mm € is provided, on 
one side of column the centre to centre distance of bars will 


be 450 — 80 (cover) — 16 — 354 mm, which is greater than 
permissible value 300 mm. 


Use 6 mm 4 lateral ties. 
Spacing should be lesser of: 
(i) 450 mm 
(ii) 16 x 12 = 192 mm 
(iii) 48 x 6 = 288 mm. 
Provide 6 mm 4$ ties about 280 c/c. This is shown in 
fig. 7-5. | 
Note that distance between bars in one face is more 


than 75 mm and distance between corner bars is (456 — 80 — 
16 = 354 > 48 $,). Therefore two sets of tie shall be used. 


4.16 $ + 4-12 b 


7-5. Long columns: When a column is long, slen- 
dering effect becomes predominant and same section of column 
as used for short column can take a lesser load. IS : 456 
specifies that the maximum permissible stress in a long- 
reinforced concrete column shall not exceed that . which 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


ms 


Art. 7-5] eT, Columns 275 


^, results from the multiplication of the appropriate maximum 


pérmissible stress by the coefficient C, given by the formula: 


e 


Ttt: I | lef 
C, = 1:25 -- -7 


where C, = reduction coefficient 
l, = effective length of column 


b = least lateral dimension of column, for a column 
with helical reinforcement, b is the diameter of 
core. 


For more exact calculations, the maximum permissible 
stresses in a reinforced concrete column or part thereof having 
a ratio of effective column length to least lateral radius of 
gyration above 40 shall not exceed those which result from 
the multiplication of the appropriate maximum permissible 
stresses by coefficient C, given by the following formula: 


A Lr 
where ¿im is the least radius of gyration. 


Using the value of C, the safe load on a long column 
can be found out as follows: 


Permissible stress in concrete = C, oc 
Permissible stress in steel = C, o,, 
Area of concrete == A; 
Area of steel = A,, 
Safe load = C, Src . Ae + G o. Asse 
eG, (0,74, F Or Arse) io 56a oo eese (7-2 


Thus, safe load on long column is the product of C, and 
safe load on short column for the same section. 


Example 7-5. 


An. R.C.C. column with effective height of 6 m and size 
230 mm X 450 mm is subjected to an axial load of 600 KN. 
Design ihe column section. The materials are grade M20 concrete 


and tor steel reinforcement of grade Fe 415. 
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Solution: 
Ly = 6 m b = 230 mm 


leg 6000 ` : 

puedo "° 26 12 .. long column. ~ 
6000 

C, = 1:25 — 48x 9230 ^ 0-706. 


* Safe load on column 
= C, (on Á; + os; Age). 
Here o¿ = 5 N/mm? 
A, = (236 x 450 -- Asc) 
o; = 190 N/mm? 
C, == 0°706. 
Equating, 
600 x 10? = 0-706 [5 (230 x 450 —A,,) + 190 As] 
= 0-706 (517-5 X 163 + 185 4,,) 
185 Asc = 849-86 x 103 — 517:5 x 10? 
— 332:36 x 10? 
Ay = 1797 mm*?. 


Minimum reinforcement — d x 230 X450 =: 828 mm?. 


Provide 6 no. 20 mm (p bars = 6 x 314 == 1884 mm?. - 


Lateral ties: 
Minimum diameter — E: = 5 mm. 
Use 6 mm ç M.S. ties. For the secondary reinforcement 
the use of lower grade of steel is permitted. 
Spacing should be lesser of : 
(i) 230 mm 
(ü) 16 x 20 — 320 mm 
(ili) 48 x 6 = 288 mm. 
Use 6 mm 4 lateral ties about 230 c/c. 
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. Arrangement of lateralties: Fig. 7-6(a) shows the arrange- 
ment of the designed reinforcement. In this case, the spacing 
of bars along width of the section is less than 300 mm. How- 
ever, for the other direction, the spacing of bars exceed 300 mm. 
This does not satisfy the cracking requirements. The correct 
arrangement is shown in fig. 7-6(b). As the distance between 
bars exceed 75 mm, double tie is used. Also the distance 
between corner reinforcements along depth of section exceeds 
48.4,,, two sets of closed tie are used. 


50 350 50 50 PES Eu MET 
—»| M————  — — 


L E i [^ 


—»«- 
ogee aera ae k fiia 


(a) Wrong arrangement (6) Correct arrangement 
Fic. 7-6 


Example 7-6. 


A circular column of 300 mm diameter is reinforced with 6 no. 
. 20 mm diameter mild steel bars. If the effective length of column 
is 5 m, find the safe load on column. The concrete grade is M20. 


Solution: 
For circular column radius of gyration = = = + 
=75 m 
Le = 5900. = 66:66 > 40 .:.' long column. 
tmin 75 s 
C, =: 1:25 -- = x = 0:833. 


For M20 mix o, = 5 N/mm? ` 
For mild steel os = 130 N/mm? 
Age = 6 X 314 = 1884 mm*. 
Safe toad = 0-833 [5 (+ x 300? =- 1884) + 130 x 1884] 


= 490-6 X ios N say 490 KN. 


<= 
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Supplementary details: Unless otherwise specified, for : 
normal use, the concrete of M15 grade is used forall elements - 
of a structure. For a column where size is not restricted, 
M15 mix with about 0-895 of reinforcement is economical. ` 
en there is a restriction of size; f concrete is increased 
or-steel percentage is increased-or the combination of both is 
used.— For-smmil-structures; however, the concrete mix is 
not increased- but steel-is increased:--This is little unecono- 
mical, but used for two reasons: 


(a) There are number of columns in one building and 
size of all columns cannot be different as formwork is 
uneconomical. Usually some groups of different sizes are 
made and then the columns are designed for the loads that 

they carry. Loads in columns or group of columns are 
different and designed separately. It is not necessary that 
all columns require’ higher grade of concrete. However, 
to keep the steel percentage around one per cent in all 
columns, if the mix is changed, it may be difficult, not 
impossible, to control the quality of concrete. 

(b) On the other hand if mix is kept same but steel 
percentage is increased, sacrificing a small economy, it is 
motvery difficult to control the reinforcements. — 

~ For a big job e.g. multi-storeyed building, the' economy 
Is very important and different economical combinations of 
size, mix and steel percentage may be adopted. For the size 
of the column, there can be iwo alternatives: 


(1) Size of the colunn is kept same throughout all the 
floors. For lower storeys where loads and moments are 
more, richer mix and higher steel percentage is adopted. 
While for upper floors, the concrete mix and steel area are 
reduced. Usually for upper floors, the higher grade of 
concrete in a column than the lower floors for the same 
column is not used. 

(2) Size of the column is reduced for upper floors and 
steel percentage-is kept around 1 per cent, This can be done 
for the internal columns keeping the centroidal axis of the 
column same throughout. However, for exterior columm, 
the external face of the column remains constant throughout 
and therefore, centroidal axis of the column changes. This 
induces moments in the lower column. Therefore, this method 
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i is used for internal. columns only. This is shown in fig. 7-7. 


< 
- we 


External face 


Sasa 


e = Eccentricitu 


(a) (5) 
Reduction in size of column 
Fic. 7-7 
ECCENTRICALLY LOADED COLUMNS 
In general, usually all columns are eccentrically loaded 
i.e. direct load plus bending. There can be two cases: (a) The 
load P on column is at an eccentricity e from the centre line 
of column, then column is subjected to an axial load P plus 
the bending moment equal to Pe. This is shown in fig. 7-8. 


up es 


MzPe: 


= + 


Eccentrically loaded column — , 
Fic. 7-8 
(b) The load is axial but a column has a moment either due 
to gravity loads, wind loads, earthquake loads or any other 
loads. It can be said in this case that column is subjected to 
an axial load of P and bending moment M or the column is 


ds M 
eccentrically loaded with a load P at an eccentricity e = 7. 
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The bending in column can be either single axis bending : 
or biaxial bending. For the eccentrically loaded column , 
there can be three cases under consideration: (a) Compre- `: 
ssion over whole section (b) part of the concrete under, 
permissible tension (c) part of concrete section under tension, 
The stress distribution for three types is shown in fig. 7-9. 
Accordingly the column can be designed by (a) design based 
on uncracked section and (b) design based on cracked section. 


P P 


Compression 


P 


Tension below 


2 permissible value 


£ 
(a) Compression (b) Part of section (c) Part of 
over the. in limited section in 
whole section tension tension 
Stress distribution for eccentrically loaded columns 
Fic. 7-9 


7-6. Uncracked section: A column section subjected 
to the axial load and bending is shown in fig. 7-10(a). The 
transformed section is shown in fig. 7-10(/). | 

The sectional properties of transformed section are 
defined as: 

A, = Ag + 1:5 m Asc 
Ty = lt 15 ml, 
where , A, = area of transformed section 
Ac = net area of concrete -section which is equal 
to gross area of concrete section minus A,, 
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Aso = cross-sectional area of longitudinal bar 
reinforcement 
I, = moment of inertia of transformed section. 
. The calculated direct compressive stress c, in 
concrete is given by the equation 


P 
(7-3) 


Sees cal = 7 : 
This stress is uniform all over the section. 
J j]Šj iŠui, Del (I.sm-1J Age 


(b) 


Eccentrically Joaded column 
7-10 


The calculated bending stress which is assumed zero 
at centroidal axis and maximum at extreme fibre shall be 


given by, 
Q = a if uniaxial bending............. (7-42) 
x. 
ants + — if biaxial bending....... (7-40) 


and 
TRAE | 
At extreme fibres iere the stresses are maximum, 
following checks are to be made in accordance with IS : 456. 


(a) Occ; cal ES Oche, cal < ] 
Oec Ocbc 


where 
' 


Oc et — calculated direct compressive stress in concrete 


— permissible axial compressive stress in concrete 
Ue cal = calculated bending compressive stress In. 


concrete : ] 
Gg, = permissible bending compressive stress In 


concrete. 
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(b) The maximum tensile stress cą in concrete shall 
not exceed: ; 


(1) 0:25 (og, cal + Scbe cal) for uniaxial bending 
0-35 (Gu, cal + 95e, cal) for biaxial bending. 


(2) 0:75 x 7 days modulus of rupture of concrete which 
may be taken from table 1-2. 


Example 7-7. 


The column section as shown in fig. 7-11 is subjected to an axial 
load of 600 KN and a moment of 12 kNm about y-y axis. Calculate 
maximum stresses in compression in concrete and steel. Also check 
whether the section is safe. The materials are grade M15 concrete 
and tor steel reinforcement of grade Fe 415. 


4-25 @ =1964 mm 


120 120 
Fic. 7-11 


Solution: 


For M15 mix value of m = 18-66. The section properties 
are worked out as follows; 
A,=A-+ (15 m—1) A; 
= 350 x 350 + (1-5 x 18:66 — 1) x 1964 
= 122500 + 53028 ` 
= 175528 mm*. 
1 
ly = 12 X350 x3503+ (1-5 x 18:66—1) x2 x982 x 120? 
= 12:5 x 108 + 7-64 x 108 
= 20:14 x 108 mmt, 
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Concrete stresses: 


See. cal = 600 x 10° = 9-49 N 2 
fesa (75588 a A mm 
12 x 108 
Oche, cal = a = 1:04 N/mm?. 


20-14 x 108 
Note that entire section is under compression. 
Steel stresses: 


- Maximum compressive stress in steel = (1:5 m — 1) 
X stress in concrete at level of steel reinforcement 


6 
Sismi [342 4 12 x 106 x =| 


20:14 x 108 
== 27 (3-42 + 0:71) | 
= 111:51 N/mm*. 
| Check: Cees BOL op DSL DR 

Occ Oche 
For M15 mix Og = 4 N/mm? 
Gg; = 5 N[mm*?. 
Substituting 
3-42 , 1:04 
Ag oe 
= 0-855 + 0-208 = 1:063 > 1. 
The section is not safe. 


Example 7-8. 
Check the column section of Ex. 7-7 for a load of 300 kN and 
a uniaxial moment of 32 kNm. The materials are grade M15 
concrete and tor steel reinforcement of grade Fe 415. 
Solution: 
300 x 108 
seve 15528 
32 x 109 X 175 
Ocbc, cal = ^ 90-14 x 108 x 108 
1-71 , 2:78 
ae P Ds 
= 0-498 + 0-556 = 0:984.< 1............ (O.K.) 


` 
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= 1:71 N/mm*. 
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Now check for limiting tension is made as the bending 
stress is more than direct stress. 
Oct + 0:25 (occ, cal + Ocbc, cal) 
and c, P 0:75 x 7 days modulus of rupture. 
Now os, = 2:71 — 1:71 = 1:07 N/mm*. 
This should not exceed 
0:25 (1:71 + 2:71) = 1-105 ees ts 
and STO (Aa) 155752 5.5 io vines lu tin in afe (O.K.) 
‘The section is safe. — — 
Stress in compression steel ` 


6 


20:14 x 108 
= 97:74 N/mm? «90 N MM s rere T... sQ. (O.K.) 
Example 7-9. 


The section of Example 7-7 is now subjected to a load of 320 kN 
and moments M,,. = 10 kNm and My = 20 kNm. Check the section. 
Solution : 

Ar = 175528 mmt. — 
XX = Iy = 20:14 x 108 mm?. 
t _ 320 x 108 
es cal 77175528 
10 x 109 x 175 
20-14 x 108 
20 x 108 x 175 
Ocbc, cal (2) = 90-14 x 108 X 108 = 1:74 N/mm?. 
Ocbe = 0-87 + 1-74 = 2-61 N/mm’. 
As bending stress is more than direct stress, tension 
exists in concrete 
Oct = 2:61 — 1:82 = 0:79 N/mm?. 
1-82 , 2:61 
Check: IO IE 
= (0-455 + 0-522 
ESSO edle coetu io det Tis. (O.K.) 


= 1:82 N/mmt. 


Ocbc, cal (xx) = = 0-87 N/mm. 
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(b) Oct + 0:35 (ec, cal F Oche, cal) 
and ca 0:75 x 7 days modulus of rupture 
e. — o4 P 0:35 (1-82 + 2-61) 


| 0-79. E CE sasa (O.K.) 
and è og 0°75 (2:1) 
0:70 2p STI ccs beanie (O.K.) 


The section is safe. 
Stress in compressive steel 


6 
= (1-5 x 18-66 — 1) [1-82 4 10 x 10° x 125 


20-14 x 108 
20 x 10® x 125 
20-14 x 108 ] 


-- 


= 27 (1:82 + 0-62 + 1-24) 
= 99:36 N/mm? < 190 .N/mms8.......... (O.K.) 
Example 7-10. ; 


. Design a column 230 mm X 350 mm size for a load of 400 kN 
and a moment My, = 8 kNm as shown in fig. 7-12. The materials 
are M15 grade concrete and mild steel. 


K— 350-— 


65 Í [=i Saale 
Se eise el. 


4.20 4 =1256 mm? 
H—»51—»?1 
125 125 
Trial section 
Fic. 7-12 


Solution : 
Try 4-20 mm $ bars — 4s = 1256 mm*?. 
x = 230 x 350 + (1:5 X 18-66 — 1) x 1256 
= 80500 + 33912 = 114412 mm*. 


Lee = D 3:230 x 3503-L-(1:5 x 18-66—1) x 1256 x 125? 
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EA 
L, = 8:22/X 108 + 5:3 x 10? = 13-52 x 108 mmt. 
400 x 105 2 | 
Occ, cal = 7114412, = 3:5 N/mm’. 


8 x 109 x 175 
Ocbe, cal — 7193.59 x 108 


39 LI9* 0.874 + 0-208 


EM 4 
= 1:083 > 1. 


= 1:04 N/mm. 


Check : 


Revise the section. 
Now try 4-20 $ + 2-16 $ 
As, = 1256 + 402 = 1658 mm?. 
A, = 230 x 350 + 1-5 (18:66 — 1) x 1658 
= 80500 + 67149 = 147649 mm?. 


l 
Lx = 19 x230 X3508-+(1-5 x 18:66 — 1) X1658 x125? 
= 8:22 X 108 + 6-99 x.108 = 15-21 x 108 mm‘. 
400 x 103 ES 
See, cal = 147649 ~ 2:71 N/mm. 


8 x 109 x 175 
15:21 x 108 


T 4-20 p + 2-16 p 
ai [m t» 230 c/c 


K——350 —91 
Fic. 7-13 


Ocbcs cal = 


= 0:92 N/mm?. 


2-71 , 0:92 
Check: x da un 
eck: 7 + E 


= 0:678 -+ 0-184 
= 0-862 < I 
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Maximum compressive stress in steel’ 
8 x 109 x 125 
= (1-5 x 18:66 — 1 Ez l oe | 
( “15-21 x 108 
= 91 N/mm? < 130 N/mm?............ (O.K.) 
The section with M15 mix concrete and 4-20 $ + 2-16 $ 
M.S. bars is adopted and is shown in fig. 7-13. 
Ties: 
ee a 20 
' Minimum diameter of tie XU m 5 mm. 
Use 6 mm p M.S. ties. 


Spacing shall not exceed 
(1) 230 mm 
(2) 16 x 16 — 256 mm 
(3) 48 x 6 = 288 mm. `. 
Use 6 mm 4$ ties about 230 mm c/c. 


7-7. Cracked section: When a section cannot be 
checked by the theory of uncracked section, it shall be checked 
by the theory of cracked section. -Here the stresses are found 

.out using the theory of cracked sections where the tensile. 
strength of concrete is ignored i.e. concrete is assumed to be 
cracked. ` The actual stresses in steel or concrete shall not 
exceed the permissible stresses. 

The maximum stress in concrete and steel may be found 
from tables and charts based on the cracked section theory 
or directly by determining the no-stress line which should 
satisfy the following requirements: 


(a) The direct load should be equal to. the algebraic 
sum of the forces on concrete and steel. 

(b) The moment of the external loads about any 
reference line should be equal to the algebraic sum of the 
moment of the forces in concrete (ignoring the tensile force — 
in concrete) and steel about the same line. 

(c) The moment of the external loads about any other 
rcference lines should be equal to the algebraic sum of the 


moment of the forces in concrete (ignoring the tensile force 
in concrete) and steel about the same line. 
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7-8. Uniaxial bending — cracked. section: Con- 


sider a column section subjected to an axial load P and; 
Wc ME M ee i 

uniaxial moment M. Eccentricity e is given by P This is 
shown in fig. 7-14. Let the depth of neutral axis be x. 
Define: f, = maximum compressive stress in concrete 

fs = compressive stress in steel 

Fa = tensile stress in steel 

C, — total compressive force in concrete 


G, = Total compressive force in steel 
T = total tensile force in steel. 


, I. ——— D ————^ 


i 
ii ] 
T A fs: 
x/3 =; 
am re 
D D 


x -NX Neg +Q 


kica 3 
ib) Stresses und internal forces 
Fic. 7-14 
Referring fig. 7-14, 
total compressive force in concrete 


G; = 4 fe bx. 
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Ar Compressive stress in concrete at the level of compre- 
ssive steel 


4 
1 D 
eS 5 a) 
= fy. 
' x 
Then compressive stress in steel 
D 
um TR 
Ise = (1:5 m — 1) f, a 'ssr-Pas 
Tota] compressive force in steel 


A 
Cs = fae Ty 


D 
$ = a) A 
=e T Ase 
= (1:5 m lJ > 
Tensile stress in steel 
D 
(5 Haa) 
Sst = m fe NER SSES ^ 
Total tensile force in steel 
A 
T — fs . > 
D 
(y tå) 
= m f. - Ase 
£ x 2 
(a) Equating sum of vertical forces to zero 
DS 
G + G — T—P=0 
1.€. P = G + G, —= T'.; se “ (2-5a) 


(b) Equating sum of moments about centre line of the 
column to zero 
D 
P —G; (ç -$3) —C,.a—T.a=0. 


Substituting P from equation (7-52) 
D x 
(G, + Cs — T) e = G C a + (C; + T) a.... (7-50) 
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Example 7-11. 


A column 350 mm X 350 mm is subjected to a direct load: 
of 280 kN and a moment of 28 kNm. It is reinforced with 4 no.* 
25 b bars. Determine the stresses in concrete and steel. The 


materials are M15 grade concrete and tor steel reinforcement of grade 
Fe 415. 


Solution: 


The column section, stresses and interna] forces are 
shown in fig. 7-15. 


M =28 kNm 
P = 280 kN 
` 28 x 108 
E mxp = 
For M15 mix and tor steel m = 18:66. 
x i : | 280 kN 
q=1 a= J00 
fse = 981 mne E uas 
Nj cc 


4-280 Bao ' 
295 -X  x-55 
Fic. 7-15 


Referring fig. 7-15 
l 
Ce == 9 Te » b . X ” 


1 : 
- = ç Jf. 350 x = 175 fox. 


f r 
= fs. At = 21 f, x — 99 x 981 
CH 5 
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x 295 — s 
» fa =mf,. * = 1866 f, 295 —* 
& x 
: Ag. Mem 

T = i. 73 = 18-66 f, x TA Es. x 981 

X 
Ina S 

Equating vertical forces 

MET E PEDE (1) 


Sum of moments about centre line of column gives 


D 
P.e — G, ($—3 —6G^— T. a = 0. 


Substituting P from (1) gives 


Dy 

(C +G- T) =G- HGHH a «s (2) 
Substituting above values 

100 [175 Kx + 26487 f, Š = 55 18906 f, = =] | 


x — 55 


= 175 fox (175 -3) + 190: | 26487 f = 


+ 18306 f, x =z. 1 


Eliminating f; from both sides and multiplying both sides 
by x, gives 

175002? 1-2648700x — 145678500 — 540027000 4-1830600x 

= 306254? — 58-332? --3178440x—-174814200 TOR 

— 2196720x 


which gives 
58-3343 — 13125x? + 3497580x — 1158923700 = 0. 


Dividing both sides by 58-33 gives 


— 225 x? + 59962 x — 19868398 = 0. 
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Solving by trial and error 
X x — 273 mm. 
Substitute this value in equation (1) 3 
P= C; +G ,— T : Kod 
X — 55 295 —x 


280000 = 175 fix + 26487 fe —— - 18306 fe — 
= 47775 fe + 21151 f, — 1475 fe 
— 67451 f, 
which gives 
fc =4:15 N/mm? <5 N/mm?*............ (O:K.) 
Then Z = 27 £ š = =: 89-48 N/mm? < 190 N/mm? 
“2 c uite (O.K.) 
295 — x 
fat = 18°66 fe — s 
= 2 NImma n ES REX tek geen enis (O.K.) 


The section is safe in cracked theory. 


7-9. Biaxial bending —cracked section: It can 
be seen that while designing column with cracked theory, the 
method is very cubersome. Example. on biaxial bending 
involves more calculations than above. Moreover, according 
to IS :456 clause 46.3, ““Members subjected to combined 
direct load and flexure and designed by the methods based on 
elastic theory should be further checked for their strength 
under ultimate load conditions to ensure the desired margin 
of safety; this check is specially necessary when the bending 
moment is due to horizontal loads". 


Considering the above requirements, it is advisable to 
use directly limit state method for direct load and bending in 
columns. The example on biaxial bending is considered 
outside the scope of this book and is not considered. 


7-10. Column bar splices: Wherever required, the 
column bars shall be spliced or lapped for a length equal to 
the development length of bar. When bars of two different 
diameters are to be spliced, the lap length shall be calculated 
on the’ basis of diameter of smaller bar. Usually the lapping 
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»of bars is adjusted such that lap is just above the slab. If 
the lap bars are provided at beam level, it will create difficulties 
in placing and compacting the concrete. Because of the 
keduction in loads in upper floor, usually the bars are reduced 


^w iB number or the diameter is changed. This requires lapping 


of bars. If the bars are lapped in between the floors, again 
the laps are needed in upper floor and this is uneconomical 
due to increase in bar length. Sometimes it is economical, 
because of the length of lap required, to reduce the bars at 
alternate floors in multistoreyed building. Four general 
cases of lap bars are detailed in fig. 7-16. 


Column bars Upper floor 


Kicker column 


F Lower floor 
- column 
< Footing 


Upper floor 
column 


Additional 


T 


Lap 


Starter l 
or 
Kicker — 


>La 
Lower floor 
column 
= (c) (d) 
Column bar laps 
Fic. 7-16 
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Fig. 7-16(a) shows the lap of column bars at foundation 
level. To provide an exact alignment to the upper column, 
starter or kicker is casted above the footing or above the slab. 
Thickness of kicker is usually 8 to 10 cm and casted in a rich 


mix than lower column or footing. The bars shall be lapped .. 


above the kicker. a 


Fig. 7-16(b) shows the bar laps where the size of column 
is equal in Jower and upper floors. Fig. 7-16(c) shows the 
bar laps where the size of upper column is less than that of 
lower column. Note that angle 0 should not be less than 60°. 
If the size of column reduced, is such that 0 — 60? is not 
possible, arrangement (d) is to be used where additional lap 
bars of length L; in lower column and ZL, + thickness of 
' kicker in the upper column is provided. 


EXAMPLES VII 


(1) A short column of size 230 mm x 300 mm is reinforced with 
6 no. 16 mm dia. bars. Determine the safe load on column. 


The materials are M15 grade concrete and mild steel 
reinforcement. 


(2) A short column of size 300 mm x 300 mm has to carry 
an axial load of 650 kN. Design the column using M15 
grade concrete and tor steel reinforcement of grade Fe 415. 


(3). A ground floor column of a four storeyed building of size 
230 mm X 450 mm has to carry an axial load of 850 kN. 
Two floors are to be constructed in first six months and 
remaining two floors are to be constructed after 2 years. 
Design the column using M15 grade concrete and tor steel 
reinforcement of grade Fe 415. 


(4) An R.C.C. column of size 300 mm x 450 mm with effective 
height of 6 m is subjected to anaxial load of 750 KN. Design 
the section using M15 grade concrete and tor steel reinfor- 
cement of grade Fe 415. Also design the section if the 


effective height is increased to 9 T is hi 
USES m. The column is hinged 
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-(5) Design column in Example (2) if a circular column section 
X is to be adopted of size 300 mm diameter using (a) lateral 
tics and (b) helical reinforcement. 


bs (6) Design a circular R.C.C. column to carry an axial load of 

š 600 kN. The effective length of column is 6 m and there is 
no restriction in size of column. Use M20 mix and mild 
steel reinforcement. 


(7) A column section of size 300 mm x 300 mm is subjected to 
an axial load of 500 KN and a moment of 12 kNm about 
one of the axis. Calculate maximum stresses in compression 
in concrete and steel if it is reinforced with 4-25 $ bars. 
Also check whether the section is safe. The materials are 
M15 grade concrete and tor steel reinforcement of grade 
Fe 415. 


(8) Check the column section of Example (7) if it is subjected to 
a load of 260 kN and a moment of 10 kNm. 


(9) Check the column section of Example. (7) if it is subjected 
to a load of 260 kN and moments Mx, = 6 NE and 
My =5 kNm. 


(10) Design a column section 230 mm x 400 mm size for a load 
of 450 kN and Mx about major axis = 10 kNm. The 
materials are M15 grade concrete and tor steel of grade 
Fe 415. Also design the same section using mild stecl. 
Compare the economy and comment. 

(11) A column 350 mm x 350 mm is subjected to a direct load 
of 300 kN and a moment of 30 kNm. It is reinforced with 
4 no. 25 mm dia. bars. Check whether the section is safe 
using theory of cracked section if necessary. The materials 
are MI5 grade concrete and mild steel reinforcement. 

(12) A tee shaped column of flange 300 mm x 600 mm and web 
size 300 mm x 300 mm is subjected to an axial load of 
2000 kN. Ifthe column is short, design the reinforcement. 
The materials are M15 grade concrete and tor steel reinforce- 
ment of grade Fe 415. 

(13) A rectangular column ofsize 230mm x 600 mm is subjected 
to a direct load of 500 kN and a. moment of 40 kNm about 
major axis. Design the section. The materials are M15 
grade concrete and tor steel reinforcement of grade Fe 415. 
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8-1. Introductory: Foundations also called footings 
are provided under the column or a wall of the structure to 
transmit the loads from column to the soil. In addition to 
the axial loads, the foundations may have to resist moment 
due to gravity loads, wind loads or earthquake loads. The 
size of the footing depends on the safe bearing capacity of 
soil which differs from soil to soil. The safe bearing capacity 
(S.B.C.) of the soil can be determined either by practical 
experience or by soil testing. Dimensions of footings are 
selected such that the centre of gravity of column loads and 
that of footing coincide (if they do not coincide, a moment 
due to eccentricity of loads is induced). Various types of 
footings are used depending on type of soil and availability 
ofland. Some types of footings are listed below: 


(1) Continuous wall footing 
(2) Isolated footing 

(3) Combined footing 

(4) Strap footing 

(5) “Raft foundation 

(6) Pile foundation. 


Each footing will now be briefly discussed. 


Continuous wall footing: Continuous footing is provided 
under a long wall. In this case the width of footing will be 
very less than the length of footing [fig. 8-1(a)]. 


Isolated footing: “Isolated footing is an individual one 
under the column. Where sufficient arca and good soil is 
available, this is economical [fig. 8-1()]. 


E SUME footing :- Where the distance between two columns 
is small and if the isolated footings for these columns coincide, ` 
a combined footing is used. In this case the footings are 


combined s : 
uch that centre of gravity of column loads and 
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` 


that of footing coincide. This may result in a rectangular 


of; trapezoidal shape of footing [fig. 8-1(c)]. This footing also 
can be used for the column on the property line where it is 
combined with the footing of internal column [fig. 8-1(d)]. 


| 
| 


po A 


NNNNNNNNNNNNNNNNNNN 2>>b 
Lee A 

k y —Z M—— p ———5 
Plan Section A-A 


(a) Wall footina 


iF B 
pL E] = | 
| Sloped footing 


i f — ——kuol —> e—— fy 
Plan Section B-B Section B-B 


(b) Isolated footing 


Various types of foundations 
Fic. 8-1 


Note that im this case the footing of the column on property 
line has to be combined with the footing of internal column 


‘because the area for an isolated footing such that c.g. of column 


loads coinciding with that of footing is not available. 


Strap footing: If the combined footing is to be adopted 
but the distance between the columns is large, the strap 
footing is used [fig. 8-1(e)]. | 

Raft foundation: When the safe bearing capacity of soil 
is low and columns carry heavy loads, then footings of a 
group of columns or all the columns in a structure are 
combined to forma raft foundation. Differential settlement 
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in the structure can be minimised by this kind of footing. 
This is frequently used for multistoreyed building on poor 
soil or soil having a higher water-table [fig. 8-1(/)]. 


— n: |. ——————— F -——-. 
Plan i Section C-C 


(c) Combined footing . 


Om Property line 


}«—__——_[——__—__» 
Section D-D 


(d) Combined footing 


TZ 


Plan Section E-E 


m= Property line 


fe) Strap footing ` 


Various types of foundations 
Fic. 8-1 


Pile foundation: If the good soil is available 
at a higher 
as (more than 3 m) below the ground level, the ile 
oundations are economical. Piles transfer the loads from 


columns to the hard soil b beari : 
soil by friction [fig. 8-1 (2). x T Sio pra 
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Columns 
Beams 


Slabs 


Column 
Pile cap 


4 Piles 
G 
H>3m 
| dd soil 
Plan Section G.G 


(g) Pile foundation 


Various types of foundations 
Fic. 8-1 


8-2. General design considerations: While design- 
ing the R.C.C. footings, the following points shall be considered: 


(1) The settlement of footings shall be as nearly uniform 
as possible and upward soil pressure under footing shall not 
exceed the safe bearing capacity of soil. 


To minimise the differential settlement, the footings are 
proportioned to get equal soil pressure under each column. 
This is done by providing footing area very near to the required 
area considering S.B.C. of soil. If under one column, the 
exact required area of footing is provided and for another 
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column in the same structure, a Jarger area than required is 
provided, the soil pressure under both the columns is different 
which may lead -to differential settlement. This is usually 
avoided. 


(2) The centre of gravity of loads and centre of gravity 
of footing should coincide (if they do not coincide, a moment 
will be induced in footing). 


(3) In sloped or stepped footings the effective cross- 
section in compression shall be limited by the area above the ` 
neutral plane, and the angle of slope or depth and location of 
steps shall be such that the design requirements are satisfied 
at every section. Sloped and stepped footings that are desig- 
ned as a unit shall be constructed to assure action as a unit. 


(4) In reinforced and plain concrete footings, the thick- 
ness at the edge shall be not less than 15 cm for footings on 


soils, nor less than 30 cm above the tops of piles for footings 
on piles. 


8-3. _Plain concrete pedestal: A plain concrete 
pedestal is sometimes used for the following reasons: 


Column Column 


Plain concrete 
pedestal 


Plain concrete footing š 
; Footing 


(a) 1 tb) 
Fic. 8-2 


_ (1) When the load on column is small, concrete pedestal 
1s used as a “plane concrete footing" [fig. 8-2(a)]. 


(2) To reduce the effective cantilevers of footing and 
thus to obtain an economical design. 


According to IS : 456, “In the case of plain 
: plain concrete 
pedestals, the angle « between the plane: passing through the 
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bottom edge of the pedestal and the corresponding junction 
edge;of the column with pedestal and the horizontal plane 
fig: 8-2(b) shall be governed by the expression: 


tan < 0-9 y 2 +I 
ck 


where 


qo = calculated maximum bearing pressure at the base 
of the pedestal in N/mm?, and 


Jak = characteristic strength of concrete at 28 days in 
N/mm?." 


8-4. Transfer of load at the base of column: The 
compressive stress in concrete at the base of a column or 
pedestal shall be considered as being transferred by bearing 
to the top of the surrounding pedestal or footing. The 
bearing pressure. on the loaded area shall not exceed thc 
permissible bearing stress in direct compression multiplied 


by a value equal to y4 but not greater than 2 


where 


í = supporting area for bearing of footing, which in 
sloped or stepped footing may be taken as the area 
of the lower base of the largest frustum of a pyramid 
or cone contained wholly within the footing and 
having for its upper base, the area actually loaded 
and having side slope of one vertical to two 
horizontal; and 


A, = Loaded area at the column base. 


For working stress method of design the permissible 
bearing stress on full area of concrete shall be taken as 0-25 fzx. 


Let 


Sides of column be, le 
Sides of pedestal bp, lp 
Sides of footing jy, ly 
Depth of footing D 
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(1) When a column rests directly on footing [fig. 8-3(a)], 
A; = dyly or (b; + 4D) (le + 4D) whichever is less, and 
As — bap. | 

(2) When a pedestal is used [fig. 8-3(/)], 

A, = bl) and 

Aa = bile. 


D 
y P 
a ae pee ee een, 
E ee 


(a) (b) 
Fic. 8-3 


The bearing stress shall not exceed the permissible stress. 


However, if it exceeds the permissible stress, according to 
IS :456, | 


“Where the permissible bearing stress on the concrete 
in the supporting or supported member would be exceeded, 
reinforcement shall be provided for developing the excess 


force, either by extending the longitudinal bars in the support- 
ing member, or by dowels. 


Where the transfer of load is accomplished by reinforce- ' 
ment, the development length of the reinforcement shall be 


- 
a RT ^ 
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i Column bars of diameters larger than 36 mm, in compres- . 
sion only can be dowelled at the footings with bars of smaller 
size of the necessary area. The dowel shall extend into the ` 
column, a distance equal to the development length of the 
column bar and into the footing, a distance equal to the 
development length of the dowel”. 


Even if the hearing stress at the base of the column is less 
than the permissible value, the column reinforcement is 
usually extended in the footing. The footing is casted carlier 
than the column. It is inconvenient to hold the column 
bars till the column is casted. ‘Therefore the dowels are 
used to transfer the load from the column to footing. 


ISOLATED FOOTINGS 


Isolated footing may be a pad footing or a sloped footing. 
It may be axially loaded or eccentrically loaded. Some- 
times a pedestal is used to achieve economical design. The 
procedure of design for all kinds of footings is similar and 
explained in detail for the isolated footing. In this book 
only isolated footings on soils are considered. 


8-5. Axially loaded pad footing: An axially loaded 
pad footing is shown in fig. 8-4. The footings are designed 
as inverted cantilevers from column loaded with upward 
soil pressure. The design procedure is explained below: 

(1) Proportioning the size: Assume the weight of the 
footing as 10% of the axial load on column. If column load 
is W, the load on soil is 1-1W. 

e load on. soil 

emot ooun safe bearing capacity of soil 

. From this area, fix the size of the footing. The footing 
may be square or rectangular. If the column is square, 
usually the square footing is adopted. If the column is 
rectangular, a square footing or a rectangular footing can 
be adopted. When a rectangular footing is adopted, select 
the size of the footing such that the effective cantilever on all ~ 
four sides is equal. This will give same bending moment in 
x and y directions leading to an economical solution. Check 
the transfer of load at the base of column (assuming depth of 
footing) in accordance with art. 8-4. 
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(2) Bending moment: This is determined in accordance 
with clause 33.2.3 of IS : 456 as follows: ` 


The bending moment at any section shall be determined `; 
by passing through the section a vertical plane which extends ` 


completely across the footing and computing the moment 
of forces acting over the entire area of footing on one side of 
the said plane. 


The greatest bending moment to be used in the design of 
an isolated concrete footing which supports a column, pedestal 
or wall, shall be the moment computed as above at sections 
located as follows: 


(a) At the face of the column, pedestal or wall, for 
footings supporting a concrete column, pedestal or wall. 


(b) Half-way between the centre line and the edge of 
the wall, for footings under masonry walls. 


(c) Half-way between the face of the column or pedestal 
and the edge of the gussetted base, for footings under gussetted 
bases. 


The critical sections for moment are shown in [fig. 8-4(a)]. 
(3) Shear: Two checks for shear force are required. 


(a) One-way shear: The sum of the vertical forces due 
to soil pressure on footing outside the critical section is called 
one-way shear. According to IS : 456, “The footing acting 
essentially as a wide beam with a potential diagonal crack 


extending in a plane across the entire width; the critical : 
‘section for this condition shall be assumed as a vertical section 


located from the face of the column, pedestal or wall at a 
distance equal to the effective depth of footing in case of 
footings on soils, and a distance equal to half the effective 
depth of footing for footings on piles”. For isolated footing 
on soils, this is shown in fig. 8-4(b). The permissible shear 
stress for one-way shear depends on the percentage of 


. reinforcement provided as discussed in chapter 3. 


(b) Two-way shear: The sum of vertical loads outside 
the appropriate perimeter as defined by IS :456 is known 
as two-way shear. The critical section for shear in this case 
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S ; d : 
Js at a distance — from the periphery of the column or pedestal 


2 


; where d is the effective depth of footing. In case of sloped 


footing d may be taken as the effective depth at the face of 


column or pedestal. This is shown in fig. 8-4(c). 
The permissible stress in this case shall be taken equal to k,t, 


where 
ks = (0-5 + B-) but nct greater than 1, f, being the 
ratio of short side to long side of the column or 
pedestal, and 
Te = 0-16 Vf, in working stress method and 0-25 fa 
in limit state method of design. 


The depth of footing is chosen such that the shear rein- 
forcement is not required. Thus shear check. may govern 
the depth of footing. : 


y ` 
— Kk 
d/2 


(a) Critical sections (b) Critical sections (c) Critical sections 
for moment for one-way shear - for two-way shear 
Fic. 8-4 


(4) Development length: ‘The critical section for checking 
the development length in footing shall be assumed at the 
same planes as those described for bending moment [fig. 8-4 (a) ] 
and also at all other vertical planes where abrupt changes of 
section occur. Ifthe reinforcement is curtailed, the anchorage 
requirements shall be checked in accordance with the 
curtailment rules as explained for beams in art. 5-7. 


(5) Deflection: This is not important in footing and 
may not be checked. 3 ys 
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(6) Cracking: Footing is described by the code asi. 
*tessentially acting as a wide beam". Hence, cracking of footing `` 
shall be checked as per beam design. For the footings, 5 
redistribution of moment is not made. Hence, the clear i, 
distance between bars shall not exceed | 


300 mm for the bars of grade Fe 250 
180 mm for the bars of grade Fe 415 
150 mm for the bars of grade Fe 500. 
The above requirements shall be satisfied. However, if 


the depth of footing exceeds 750 mm, side reinforcement a 
provided in beams is not necessary. 


a JM 


(7) Cover: Clear cover to main reinforcement of the 
footing bars may be provided as 50 mm. 


(8) Reinforcement requirements: “The following are the 
general reinforcement requirements for footings: 


Bending moment: ‘The total tensile reinforcement shall 
be distributed across the corresponding resisting section as 
given below: ! 


(a) In one-way reinforced footing, the reinforcement 
should be distributed uniformly across the full width of the 
footing. 


(b) In two-way reinforced square footing, the reinfor- 
cement extending in each direction shall be distributed 
uniformly across the full width of footing. 


' (c) In two-way reinforced rectangular footing, the 
reinforcement in the long direction shall be distributed 
uniformly across the full width of footing. For reinforcement 
in the short direction, a central band equal to the width of 
footing shall be marked along the length of footing and portion 
of the reinforcement determined in accordance with the 
equation given below should be uniformly distributed across 
the central band: 


reinforcement in central band width 2 
total reinforcement in short direction — B +I 


where f is the ratio of the long side to the short side of the 
footing. The remainder of the reinforcement shall be 
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š ¿š uniformly distributed in the outer portions of the footing. 
: This is illustrated in fig. 8-5(5). As the footing is designed 
J essentially as wide beam, the minimum reinforcement in 
the footing shall be as discussed for beams. 


Shear force: One-way shear check is made at distance d 
from the face of the column. From this point, the bar must 
extend upto a minimum distance of d, where d, is the effective 
depth of footing at a critical section for checking one-way 
shear. This is required as the permissible shear stress is 
based on percentage of reinforcement at a section continuing 
at least for a distance d,. "This is shown in fig. 8-5(a). 


Development length: From the point of maximum bending 
moment, the bar must extend in both directions for a length 
equal to its development length. Critical development 
length is as shown in fig. 8-5(a). "This check will control the 
diameter of the bar. 


Space equally 
Total steel x 2/(B+1] 
b—— —3 


Space 
equally 


K—— — c7 — —» 


* 
d 
Y 
w»di»K-d-»| —K—25L,——4 Space remainder equally 
i [oM M 
(a) Section (b) Plan 
Fic. 8-5 


(9) Weight of footing: After completing the design, 
self weight of footing is found and shall be comparable with 
that of assumed one. | 


Example 8-1. 

An R.C.C. column of size 350 mm X 350 mm carries a load of 
800 kN. The safe bearing capacity of soil is 200 k.N[m?. Design 
an isolated pad footing. The materials are grade M 15 concrete and 
mild steel reinforcement. 
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Solution: 
(a) Size of footing: 
. Load on column ` — 800 kN 
- Assume dead load of b 


footing (10% of column load) = 80 kN 
Total load on soil 880 kN 
Area of footing required = i = 44 m?. 


Adopt 2:1 m X 2:1 m footing = 4-41 mè. 


(b) Transfer of load at the base of column: 
= 4,—21mx21mc-441 m? 
or (0-35 + 4 X 0-5) x (0-35 -- 4 x 0*5) = 5:59 m? whichever 
is less i.e. 4-41 m? (assuming depth of footing to be 500 mm). 
A, =: 0:35 m X 0:35 m = 0:1225 m? 


Ay _ AMI s 9 
A lors 922 
A. 

U m 

se y 9. 


2 
Permissible bearing pressure 


= 0:25 fu y2 
2 


= 0:25 x15 x2 = 7-5 N/mm’, 
Actual bearing pressure Sie 
i column load 
. area at top of footing 
253900 X 10? 
«913 x2-1 x 105 TG. fas 
— 0-181 N/mm? < 7-5 N/mm?..... ‘e. (O.K.) 
(c) Moment steel: | 
800 
2:1] x 2:1 
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Note that weight of footing does not induce any shear 
or moment as footing. dead load is in opposite direction to the 
soil pressure. Thus in calculating the net upward pressure, 
only column load is considered. 

Net cantilever [fig. 8-6(a)] 

_ 2100 — 350 

2 
0:875? 

2 


: 145-83 x 169 
D t = — FEP 9 "| a 
epth required 2100 x 0:87 82-5 mm 


It will be realised after solving some problems on pad 
footing without pedestal that the depth is usually governed 
by check of two-way shear. 


Try an overall depth of 500 mm and assuming 16 mm 
diameter bars 


d = 500 — 50 (cover) — 16 —8 = 426 mm (second layer) 
145-83 x 105 


— 875 mm 


X 181-4 X2:1—145:83 kNm. 


Myx. = My = 


= ——— vn [m — = nm? 

24 Tag xoa aoe O l mmn 
‘Minimum steel 

= ee x 2100 x 426 = 3042 mm?. 


Provide 15 no. 16 mm diameter bars = 3015 mm?. 
This is very near to the required minimum area and 
may be adopted. 
Development length = 58 $ 
= 58 x 16 = 928 mm. 
Available anchorage referring fig. 8-6(d) 
= 875 — 25 (cover) — 3 $ (bend allowance) + 16 6 
(U bend anchorage) 
= 850 + 13 x 16 = 1058 mm > 928 mm....(O.K.) 
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(d) One-way shear: 
Shear at 426 mm from face of the column [fig. 8- 6(5)], 
= 0:449 x 9:1 x 181-4 = 171:04. kN 
100 4, 100 x 3015 


CI = Ol X 496 m 


875 350 875 426 449 
Ui 


r 


(a) Moment (b) One-way shear 


T 
77 
4 
“pp 
2330 
776 875 


(c) Two-way shear . (d) Development length 


Fic. 8-6 


Permissible shear stress by interpolation 
= 0-29 — 0-22 ° 
= 0:22 + 05 C (0:34 — 0-25) 
= 0-245 N/mm?. 
Actual shear stress 
_ 171-04 x 103 
= 9100 x 496 =: 0-191 N/mm? ect (O.K.) 
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The bars from the point where the shear is checked, are 
extended (anchored) upto a distance 
= 1058 — 426 = 632 mm > 426 mm. ...(O.K.) 
(e) Two-way shear: 
V = (2:12 —0-776?) x 181-4 = 690-7 kN 


d — 496 mm 

b = 4 x 776 = 3104 mm [fig. 8-6(c)] 
690-7 x 103 š 

tc = rp xaa ee 


Permissible shear stress 
=k, Te where 


short side of column 
k, = (0-5 + &) and B, = 


long side of column 


B =r=1 

k, = (05 + 1) = 1:5 
kl 

k=l 


` Te = 0:16 Vf = 0-16 V 15 = 0-62. 
Permissible shear stress 
| = 1 x 0:62 = 0:62 N/mm? 
TSS User umasa IRE yum a TETTE SE TES (O.K.) 


[roo 


e 500 a is j— — 2100 ———9 


(a) Plan (b) Section A-A 
Fic. 8-7 
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(f) Cracking: 
Clear distance between bars 


= P Heoi. 16=199-3 mm<300 mm(O.K.) 


(g) Weight of base: 

weight = 2-1? X0-5 x 25—:55-1 kN < 80 kN....(O.K.) 
(h) Sketch: 

Designed footing is shown in fig. 8-7. 


8-6. Axially loaded sloped footing: The design 


_ method for axially loaded sloped footing is similar to the pad 


footing. However, for sloped footing where the B.M. is maxi- 
mum, width of the resisting section is minimum. An axially 
loaded sloped footing is shown in fig. 8-8. The moment 
shall be calculated at the face of the column. When footing 
Is casted, a straight width of 75 mm on all four sides of the 
column is made to facilitate the seating of formwork for 


E 
4- 
š 
3 
z 
= 
= 
xi ‘ 
(a) Section (b) Plan 
Sloped footing 
. Fic. 8-8 


column. In pad footing, full width of the footing is available 
for resisting bending moment whereas, in sloped footing, the 
resisting width may be taken as width of column + extra 
width casted for column formwork seating (150 mm as shown 
in fig. 8-8). When shear is checked, the depth at the critical 
section shall be found out as the depth in sloped footing is 
varying. The width of footing resisting shear at a distance x, 
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- from the face of the column may be taken as width of column 
-+ 2x, (or the actual width of footing whichever is less) as 
shown in fig. 8-8(/). 

In sloped footing a pedestal is sometimes used to have 
economy in footing design. The pedestal has following 
advantages. 


(1) It reduces effective cantilever of footing and thus 
reduces the bending moment and shear. 


(2) It gives larger width to resist the bending moment. 
(3) It gives larger perimeter while checking two-way 
shear. | | 


Pedestal is casted after casting the footing. Usually 
the concrete mix used in footing is M15 grade. However, the 
column may have higher grade of concrete. The concrete mix 
of pedestal shall be that used in column. To facilitate casting 
of the pedestal, 75 mm straight length at top of footing is 
casted. While using the pedestal, width resisting bending 
moment may be taken as width of pedestal + 150 mm. 


Example 8-2. 
Design a sloped footing for the column of Ex. 8-1. 


Solution: 
(a) Size of the footing: 
2-1 m X 2:1 m is adopted from Example 8-1. 
(b) Transfer of load at the base of column: 
4, = 0°35 x 0-35 = 0-1225 m? | 
A, = Smaller of (i) 21 m X 21 m = 4:41 m 
(ii) (width of column + 4 x depth of 


footing) X (length of column + 
4 X depth of footing) 


(0:35 + 4 x 0-6) (C-35 + 4 x 0-6) 
assuming d = 0-6 m 


= 7:5625 m?. 
A, = 4-41 m? E 
A, 4-41 | Ay 
— = / —— =6 >2 .. adopt | — = 2. 
y? 0-1225 A PLA 
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Permissible bearing pressure 


= 0:25 fx X y4 

= 0:25 x 15 x 9: = 7:5 N/mm?. 
Actual bearing pressure 

EN column load 

area at top of footing 

_ 800 x 10? 

~ 500 x 500 

—3:2 N/mm? < 7.5 N/mm?.............. (O.K.) 
(c) Moment steel: 

Mx, = My = 145-83 kNm from Ex. 8- '. 

The resisting section has a width 

= 350 mm + 150 mm = 500 mm as discussed in 


art. 8-5. 
: 145-83 x 10$ 
Depth — = ttr es 
epth required 500 x 0-87 
= 579 mm. 


Try an overall depth — 700 mm 
d — 700 —50 — 16 —8 — 626 mm (second. len. 
bes 145:83 x 105 
140 x 0-87 x 626 
Minimum area of steel required 


= 1913 mm*?. 


= = x 500 x 626 = 1064 mm?. 
Provide 17 nos. 12 mm diameter bars - 
= 1921 mm? > 1913 mm?,............. (O.K.) 
Development length 
; = 58 x 12 = 696 mm. 


Available anchorage = 875—25 (cover)—3 $ (bend allowance) 


+ 16 $ (U bend anchorage) 
= 875 — 25 + 13 x 12 
= 1006 mm > 696 mm........ (O.K.) 
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" (d) One-way shear: 
Assume the depth at the edge of footing — 230 mm. 
Shear force at 626 mm from face of the column [fig. 8-9(5)] 
== 0-249 x 2-1 x 181-4 = 94-85 kN. 
b = 350 + 2 x 626 = 1602 mm 
249 


d = l — — 
56 + 875 X 470 — 290 mm. 
875 350 875 626 249 562 976 562 
NEL 


: U 
f«— 2100 —» 
Plan Plan Plan 
we» 350 
75 75 
i; pot hoe 290 457 
470 l I 
P 156 156 
Section ; Section Section 
(a) Moment (b) One-way shear (c) Two-way shear 
Fic. 8-9 
100 As _ 100 x 1921 = 0-4] 
bd 1602 x 290 
0:29 — 0:22 
= 0: —— 5410716 
T; = 0:22 3r 0235  * 
= 0:265 N/mm?. 
Actual shear stress 
i 3 
9485 X 10" _ 9.20 N/mm? < %.....(O.K.) 


Ww = 1602 x 290 . 
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The bar extends 249 —3@ + 16 p= 249 + 13 x 12 
= 405 mm from the-point of critical shear which is greater 
IamBDOD ETHER os rehenes rhet ridens CER sis ED 3 (O.K.) 


(e) Two-way shear: 
Referring fig. 8-9 (c) 
shear force = (2:12 — 0-976?) x 181-4 = 627-18 kN 
b —4 x 976 — 3904 mm 
d = 156 + == x 470 = 457 nm 
Actual shear stress 


` 627-18 x 10? 
To = 3904 x 457 


From Ex. 8-1, permissible shear stress 
E62 EN mm sri vs sies wies aes ee (O.K.) 


(f) Cracking: 


Clear distance between bars 


= 0:35 N/mm?. 


2100 — 50 — 12 
EpL CU | 
= 115-4 mm < 300 mm................ (O.K.) 


(g) Weight of footing: 

Volume of sloped footing shall be taken as: ` 

Volume of lower prism + volume of upper frustum which 
shall be taken as 


h 
6 (4; + A, + 4A,,) 
where | 


A, = area of top of frustum 

A, = area of bottom of frustum | 

Am = area at mid-height of frustum 
h — height of frustum, | k | 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


Art. 8-6 | Foundations 317 


In this case . Ei 
0:47 
V= rX 92]: 023E E (0-352 + 2-1? 
iuf 139058) s 
= 1:01 + 0:83 = 1-84 mi, | : 
Weight of footing = 25 x 1-84 = 46 kN <80kN....(O.K.) 


Note: Redesign Ex..8-1 and Ex. 8-2 critically by reducing the depth 
and observe that sloped footing gives an economical solution. 


(h) Sketch: 
The designed footing is shown in fig. 8-10. 


75 350 
—P 


75 
K— 


T 17.12 $ | -M7.5 lean concrete 
> keo — — n — 
100 2100 100 100 2100 100 
- (a) Plan (6) Section - 


Fic. 8-10 wee 


(i) Supplementary details: EST 

Under the. R.C.C. footing usually a lean concrete is 
laid first and then the footing is casted. This is done to 
prevent direct contact of footing with soil and to act as 
levelling coarse. The lean concrete is projected beyond 
the footing and this projection "varies from 0 to 150 mm. 
This is particularly useful for the sloped footing to have 
a space for formwork for the depth at end of the slope. 
The thickness of such lean concrete should be not less. than 
the projection beyond the footing. For the footing designed : 
in. this problem lean concrete of grade M7:5 is used and 
shown in fig. 8-10. | S 
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zum 8-3. 
In Ex. 8-2, a concrete pedestal is now used to transfer the load 
from column to foundation. Design the footing. 
Solution: 
(a) Size of the base: 
2:1 m X 2-1 m is adopted from Example 8-2. 
(b) Transfer of load at the base of column: 
À pedestal of 650 mm x 650 mm is used. 
A, = 0:65 x 0:65 = 0:4225 m? 
As = 0:35 x 0:35 = 0-1225 m? 


A 
— = 1:8 cs y4 = ~ 
A, 5 <2 use A, 1-85, 
Permissible bearing pressure 


= 0:25 fu X y4 
A; 
= 0:25 x 15 x 1:85 


= 6:94 N/mm?. 
Actual bearing pressure 
800 x 103 
Qo = 650 x 650 = 1-89 N/mm? Saa q ESOL CE OG) CaeY ls s Tay 2 TT Sy (O.K.) 
Now for a pedestal referring fig. 8-2 (b), 
tan z ¢ 0-9 ud +1 


which gives 

tan æ < 3:32 le. « 2 732°, 
Projection of pedestal — 150 mm. 
"Depth of pedestal = 0-15 x 3-32 = 0-5 m. 
Use 600 mm deep pedestal. 
(c) Moment steel: É 
S et = 725 mm. 


0:7252 | 
xx = My = k x 9-1 x 181-4 = 100-12 kNm. 


Cantilever = 
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The resisting section has a width 
= 650 + 150 = 800 mm. 
100-12 x 108 


0-87 x 800 
— 379 mm. 


Depth required — 


Try an overall depth — 500 mm 
d = 500 — 50 — 16 — 8 = 426 mm (second layer) 
100-12 x 109 
140 x 0-87 x 426 
Minimum area of steel required 
= x 800 x 426 = 1159 mm*?. 

Provide 18 no. 12 mm dia. bars = 2034 mm? 
development length = 58 x 12 = 696 mm? 
available anchorage = 725 — 25 —3 $ + 16 $ 

= 700 + 13 x 12 

= 856 mm > 696 mm...... (O.K.) 


v I. — 1930 mm?. 


(d) One-way shear: 
Referring fig. 8-11(4) 
shear at 426 mm from face of the pedestal 
= 0-299 x 2-1 x 181-4 = 113-9 kN 
b = 650 + 2 x 426 = 1502 mm 
299 
d = 156 +s x 270 = 267 mm 
100 As — 100 x 2034 
bd 1502 x 267 
Te = 0-29 N/mm?. 
Actual shear stress 
113:9 x 103 
= “ “— — =0:28 N/mm? 
1077-1502 x 267 
: . (O.K.) 


= 0:5 
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» 


The bar extends 299 — 3 + 16$ = 299 + 13 x. 19 — 
455 mm from the point of critical shear which is greater 


CHAMPA OVNI toc s er od rt eie ew rere tive a met mre (O.K.) 
725 650 725 426 299 512 1076 5D 
— 1 fi Kt) k 
E | yı 


Te 
1 


1076 
$12 
Plan Plan Plan 
150 > ; 367 346 
600 : 
s 
[2 270 270 yn 
| I i6 
330 156 
Section Section Section 


(a) Moment (b) One-way shear (c) Two-way shear 
Fic. 8-11 | | 
(e) Two-way shear: 
Referring fig. 8-11(c), | 
shear force = (2:13 — 1:076?) x 181-4 = 590 kN. ` 
b —4 x 1076 = 4304 mm ` i 


512 
d = 156 + 755 X 270 == 346 mm. 


Actual shear stress 


590 x 103 
= 4806 x346 04 Nima 
^. Permissible shear stress = 0-62 N/mm?.......... (O.K.) 
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(f) Cracking: 
Clear distance between bars 
_ 2100 — 50 — 12 
ae a = 
(g) Weight: 
; 0:272 
Weight of upper prism — p Q8 2144 x 1:452) x25 
= 15:14 kN. 


‘Weight of lower prism = 2:1 X 2-1 x 0:23 x 25 
= 25:36 kN. 
Total weight = 15:14 + 25:36 
= 40:50 kN < 80 kN....(O.K.) 


12 = 107-8 mm < 300 mm. .(O.K.) 


Example 8-4. . 


Design a rectangular isolated sloped footing for a column of size 
250 mm X-750 mm carrying an axial load of 1700 kN. The 
safe bearing capacity of soil is 200 kN/m*. The materials are 
grade M15 concrete and tor steel reinforcement of grade Fe 415. 


Solution: 
(a) Size of footing: 
Column load = 1700 kN 
Assume footing load = 170 kN 
Load on soil 1870 kN 
1870 
IUE = 9: 2, 
200 35 m 
As the footing is rectangular, size of footing may be 
selected such that the effective cantilevers on both sides are 
equal. 


If b is the width of footing 
b (b + 0-5) = 9:35 


Area of footing required — 


ie. p? + 0-55 = 9:35 
which on solving gives 
UE CER, x — 2:82 m. 


A SS 0 Rh mi o oe neis ROUEN (O.K.) 
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(b) Transfer of load at the base of column: 

This is not usually critical and also the column bars are 
carried in footing, therefore this need not be checked. 
(c) Moment steel: 

1700 
2:85 x 3:35 
Net cantilever on xx or yy = 1:3 m. 


.92 
My = = x 2:85 x 178 = 428:67 kNm. 


The resisting section has a width 
= 250 + 150 = 400 mm. 


‘428-67 x 108 


Net upward pressure = = 178 kN/m*. 


Depth required — 0-65 x400 ^ x mm. 
1:32 
MC x 3:35 x 178 = 503-9 kNm.- 


The resisting section has a width 
= 750 + 150 = 900 mm. 
; 503-9 x 109 
Depth required — 065 x 900 ^ 928 mm. 
Try an overall depth — 1350 mm 
d. = 1350 — 50 — 8 = 1292 mm 
dy = 1292 — 16 = 1276 mm assuming 16 mm 
dia. bars. 
Adopt a depth of 300 mm at the edge of footing. 
For Myx 
ss ` 428:67 x 108 
* 930 x 0-9 x 1292 
0:205 
Minimum steel = 0 * 400 x 1292 = 1060 mm”, 
; Proyide 15 no. 12 mm (p bars = 1695 mm’. 


Clear distance between bars 


= 1603 mm2. 


2850 — 50 — 
=— 2 = 187 mm > 180 mm. 
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Therefore provide 16 no. 12 mm Q bars. 
Clear distance between bars 


= ELIT -- 12 = 173:9 mm < 180 mm 
s Persie ari fet ee (O.K.) 
For My 
503-9 x 10° F, 
da = 930 x 0:9 x 1276 — 1998; mmi; 
EM 0-205 
Minimum steel — d00 x 900 x 1276 = 2354 mm*. 


The reinforcement parallel to longer direction (for Myx) 
are spaced equally. For the reinforcement parallel to shorter 
direction 


3:35 


2 2 
B +1 mo oe 


Reiforcement in central band of 2:85 m width 
= 0-92 x 2354 = 2166 mm’. 


Remaining steel 2354 — 2166 = 198 mm? shall be distributed 
in end band of 3-35 — 2-85 =0-5 m width. 


If exact calculations are followed, a designer can provide 
the steel according to above calculations. Thishasa meaning 
only if longer side is very long than the shorter side giving 
reasonable end band reinforcement. In this problem the 
spacing of bars for central band is found out and the same 
spacing is adopted in end bands also. 


For a central band, steel required per metre 


2166 — : 


ie. 12 mm Ọ about 148 mm c/c. 
For total length of footing, no. of 12 mm diameter bars 
required 
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' Provide 23 no. 12 mm @ equally spaced bars. 
Clear distance between bars 


3350 — 50 —- 12 
= ————————— — 12 
22 
= 137-45 mm < 180 mm........ (O.K.) 
75 | 750) 75 
Z NC 726 F 
1350 1120 
t 230 iss 
z 74 
Section Section 
fF —3js0——h.°. 


]—<— — rr e c 


1300 750 1300 662 2026 662 


Plan Plan : 
(a) Moment (b) ‘Two-way shear 
Fic. 8-12 


(d) . Development length: 


. The tor steel bars are used without end anchorage. 
Development length : | 
— 69 x 12 — 828 mm. 
Anchorage available | 
— 1300 — 25 (cover) — 1275 mm.......... (O.K.) 
(e) One-way shear: | 
One-way shear is checked at a distance.of effective depth 
from the face of the column. “In this case, the effective 
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- cantilever and effective depth are almost same and there is 
no necessity of checking one-way shear. 


(f) Two-way shear: 
Two-way shear is checked at distance ; from the face 


š : d š 
of column. The properties of section at 9 are shown in 


fig. 8-12(d). 
S.F. = (3-35 x 2-85 — 1-526 x 2-026) x 178 
= 1149-2 kN. 
b = 2 (1526-+ 2026) = 7104 mm. 
662 
Actual shear stress 
19:22 10 00 š 
= Toe 3c706 o 29 Aaa 
Permissible shear stress 
— eum where 


short side of column 


ence T SOONISTE 
ion a= (0 5 + Be) and p, = long side of column 
and also k, 1 | 

te= 0:16 Vfa. 


Be = = = 0:33 
k, = 0:5 + 0:33 = 0-83 < 1 
t, = 0:16 V15 = 0:62 N/mm?. 
Permissible shear stress — 
= 0-88 x 0:62 = 0:51 N/mm? 
5t Kanha ake sim Siar’ irre Ie] viene sala "d band oa iS RIS IUS 
(g).. Cracking: i 
This was incorporated in czlculations of moment steel. 
(h) Weight of footing: 
Weight of upper prism 
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= — (0-4 x 0-9 + 2:85 x 3:35 
+ 4 x 1:625 x 2:125) x 25 
— 110-7 kN. 
Weight of lower prism 
= 2:85 x 39:35 x 0-23 x 25 = 54-9 kN. 
Total weight = 110-7 + 54-9 = 165:6 kN. 
Assumed weight == 170 kN................... (O.K.) 


8-7. Eccentrically loaded isolated footing: A 
column may transfer to the footing, an axial load P and 
bending moment M. Alternatively, the footing is subjected 


to an eccentric load P with an eccentricity e= ad In such 
cases, there can be two alternatives for design of footing: 

(1) The footing is made eccentric from the column at 
an eccentricity of e — < In such a case, the soil pressure 


distribution under the footing will be uniform. This is 
illustrated in fig. 8-13 (a). 


(2) The footing is designed for an axial load and moment. 
In such a case, the soil pressure distribution under the footing 
will be varying. This is illustrated in fig. 8-13(b) and (c). 
The maximum and minimum pressures under the footing are 
given by : | 


Pma Should not exceed the soil bearing capacity. If 


e < — the whole footing is subjected to pressure as shown 


in fig. 8-13(b). However, if e > = a part of the footing is 


under tension causing overturning of the footing. This is 
indicated in fig. 8-13(c). Here the footing loses its contact 
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with soil. Such a condition is not allowed and the footing 
shall be redesigned. 


(p M (py M (px M 
E A 


K- [/2-»1«- f/2—> He 1/2 >e- [/2 > re f/2->i<- b2 > 


(O pa TE TTT TY Pree SNIT Pmax 


l l 
(a) Moment is (b) e < 5 (c) e < 6 
eliminated 
Fic. 8-13 
Example 8-5. 


A 230 mm X 530 mm column carries a load of 600 kN and 
a moment of 100 kNm about major axis. The safe bearing capacity 
of soil is 200 kN[m?. Design an isolated rectangular sloped 
footing without pedestal. The materials are grade M15 concrete 
and tor steel reinforcement of grade Fe 415. 
Solution: 

(aj Size of footing: 

Column load — 600 kN 

Self wt. of footing = 60 kN 

Total load on soil 660 kN. 


: 660 | 
Area of footing required — 200 ^ 3:3 m?. 


Try 2:0 m x 2:3 m size of footing to have equal 
cantilevers on both axis. ; 

A = 4:6 m? (larger area is assumed to accommodate for 
soil pressure due to bending moment). 


z= hp = 3 x20 x 23% = 1:76 mè, 
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600 .100 
Pmax = 99-3 ' 1-76 
= 180-43 + 56-82 i 
= 187-25 kN/m? < 200 KN/m2............ (O.K.) 
Pmin = 130-43 — 56:82 
= 73-61 kN/ma. 


The soil pressure distribution is shown in fig. 8-14. 


Et) ——a 


k——@885 ——><— 530 —«— — 885 —— 


(a) Critical sections for moment 


73.61 kN/m” 
143.52 kN/m? 
16313 kN/m? 

182.75 kN/m 


187.25 RN/m2 


1-9] -> 
—A4gg8— 
k—.88s— 
Íb) Soil pressure distribution 


Fic. 8-14 
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(b) Transfer of load at the base of column: 
A, = 0-23 x 0:53 = 0:1229 m? 
A, = smaller of (i) 2 x 2:3 = 46 m? 
(ii) (0-23 + 4 x 0-8) (0:53 + 4 x0-8) 
— 12-8 m? assuming d — 0:8 m 


A, = 4-6 m? 
FF 4-6 
A, lom ^ 6:14 > 2. 
A, 
Adopt E = 2. 
Permissible bearing pressure 
| Ay 
= 0:25 fx y 
= 0:25 x 15 x 2. 


= 75 N[mm*. 
Size of footing at top | 
= (230 + 150) x (530 + 150) 
= 380 mm x 680 mm. 
Bearing pressure at the top of footing 
_ 600 x 103 | 6 x 100 x 10° 
~ 880 x 680 ' 380 x 680? 
= 2:32 + 3:41 
= 5.73 N/mm? < 7:5 N/mm? 
terio e SSS aha sia (O.K.) 
(c) Moment steel: 
:885? 0-885. 2 
My = 0:895 x2 x 143-52 +43:73 X oF x 3X 0-885 - 
= 112-4 + 11-42 | 
— 123.82 kNm. 
Width of resisting section 
= 230 4- 150 


— 380 mm. 
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Depth required for flexure 
123-82 x 10$ 
0:65 x 380 
— 780 mm. 
For the moment about yy axis 
: 73:61 + 187-25 
average soil pressure = <a 
= 130-43 kN/m?. 
0:8852 


My = —— x 9:3 X 130:43 


2 
== 117-48 kNm. 
Width of resisting section 
= 530 + 150 
= 680 mm. 


Depth required for flexure 


117-48 x 10° 
0:65 x 680 
= 515:6 mm 
Try an overall depth = 850 mm 
dx =: 850 — 50 —6 = 794 mm 


d, = 794 — 12 — 782. mm 
For M4, 
123-82 x 108 

SO T-P —F— O 2 
As = 330 x 09 x 794 — 799 mm*. 
Minimum steel 

0:204 
= T00 x 380 x 794 = 616 mm2. 


Provide 12 no. 10 mm (p bars = 942 mm?, 
(Larger area is provided to satisfy the cracking require- 


Clear distance between bars 
_ 2000 — 50 — 10 
E 11 
= 1664 mm < 180 mm................ (O.K.) 


— 10 
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` For My 
Ay 117-48 x 108 
* 230 x 0-9 x 782 
= 726 mm?. 
Minimum steel 
= "T x 580 x 782 
— 926 mm? 


2 2 
Brod e Ies 
Reinforcement in central band of 2 m width 
— 0:93 x 926 
= 861-2 mm?. 
Steel required per metre 
861-2 > 
= 2-0 = 430-6 mm” 
ie. 10 mm (D about 182 mm c/c. 
For a total length of footing, no. of 10 mm diameter 
. bars required 
.2300 
182 
Provide 13 no. 10 mm (p equally spaced bars. 
Clear distance between bars 
e 2300 — 50 — 10 — 10 
12 
= 176-7 mm < 180 mm................ (O.K.) 


0:95. 


= 13 (say). 


. (d) Development length: 
For 10 mm diameter bars, anchorage required 
= 69 x 10 = 690 mm. | 


Anchorage available 
= 885 — 25 = 860 mm.................. (O.K.) 
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(e) One-way shear: 
XX: Shear force at 794 mm from face of support 


75 + 187-25 
= 0091 x 2 x EE -- 33-67 kN. 
p = 230 +2 x 794 =1818 mm. 


d = 175 + 620 x 2l = 238 mm. 


885 

d=238 

F 
- 850} a 
1230 Ë 


KM——— 2000—— — 


— —»-«— i—>— — 1c ft 

794 9l 488 397 530 397 488 

(a) One-way shear (b) Two-way shear 
Fic. 8-15 


100 A, 100 x 942 


jd 1818 x 238 cU 
x; = 0:2 + 022 92 Z (0:218 — 0-2) 


0:05 
= 0:2072 N/mm?. 
Actual shear stress 
33:67 x 10? 


~ 1818 x 238 | 
=10:078) N/mm? ssc .... us re ias rss (O.K.) 
YY: One-way shear need not be checked. 
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(f) Two-way shear: 


The soil pressure distribution below the footing is varying, 
hence, the two-way shear stress on perimeter lines AB, BQ, 
QP and PA as shown in fig. 8-15(b) will be different. The 
maximum two-way shear will be along the line AB. Two 
way shear, therefore, may be checked along line AB, 

__ short side of column 
^  long.side of column 
2 
minum —0-87 
k, = (0:5 + B.) == 0-5 + 0-87 
= 1:37 but not. greater than 1 


k = 1 
t, = 016 Vf, = 0:16 V15 
= 0:62 N/mm?. 


Permissible shear stress 
= 1:0 x 0:62 = 0-62 N/mm*. 
Two-way shear along line AB 
. . 163 - 187-25 
Saq 024 + 2:0) x 0-488 x 163 :13 + 
2 2 
=: 129-26 kN. 
b — 1024 mm 
d —517 mm 
129-26 x 105 
1024. x 517 | 
= 0-244. N/mm? < 0:62 N/mm?......... `. (O.K.) 
(g) Cracking: 
This was incorporated in calculations of moment steel. 
(h) Weight of footing:  . p 
Weight of upper prism 
"OS [0-38 x 0-68 + 20x 23 + 4X1- :19 X1-49] x 25 


t» = 


= i 87 kN. 
CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


334 


(1) 


(2) 


(3) 


(4) 


Reinforced Concrete [ Ch. VIII | 


Weight of lower prism 
=X 2:3 X 0:29 X 25 
= 26:45 KN. 


Total weight 
= 30:87 + 26:45 : 
— 1592) KIN «$60 EN: cui usus ni ais led (O.K.) 


EXAMPLES VIII 


An R.C.C. column of size 300 mm x 300 mm carries a 
load of 660 kN. The safe bearing capacity of soil is 180 
kN/m*. Design an isolated pad footing. The materials are 
(a) MI5 grade concrete and mild steel 
(b) M15 grade concrete and tor steel of grade Fe 415. 
Design an isolated sloped footing for data given in Example (1) 
(a) Without pedestal 
(b) Using pedestal. 
An R.C.C. column of size 230 mm x 530 mm carries a load 
of 1200 kN. The safe bearing capacity of soil is 200 kN/m?. 
Design an isolated sloped footing: 
(a) Without pedestal 
(b) Using pedestal. 

The materials are M15 grade concrete and tor steel 
reinforcement of grade Fe 415. 
A. 250 mm X 750 mm column carries a load of 1900 kN 
and a moment of 250 kNm about major axis. The safe 


bearing capacity of soil is 180 kN/m?. Design an isolated 
rectangular sloped footing: 


(a) Without pedestal 
(b) Using pedestal. 


The materials are M15 grade concrete and tor steel 
reinforcement of grade Fe 415, 
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9-1. Limit state method: In the method of design 
based on limit state concept, the structure shall be designed to 
withstand safely all loads liable to act on it throughout its 
life. It shall also satisfy the serviceability requirements, 
such as limitations on deflection and cracking. The accep- 
table limit for the safety and serviceability requirements 
before failure occurs is called a Limit State. The aim of 
design is to achieve acceptable probabilities that the structure 
will not become unfit for the use for which it is intended, 
that is, it will not reach a limit state. 


All relevant limit states shall be considered in design 
to ensure an adequate degree of safety and serviceability. 
In general, the structure shall be designed on the basis of the 
most critical limit state and shall be checked for other limit 
states. 


For ensuring the above objective, the design should be 
based on characteristic values for material strengths and 
applied loads, which take into account the variations in the 
material strengths and in the loads to be supported. The 
characteristic values should be based on statistical data if 
available; where such data are not available they should be 
based on the experience. The ‘design values’ are derived 
from the characteristic values through the use of partial 
safety factors, one for material strength and the other for 
loads. In the absence of special considerations these factors 
should have the values given in art. 9-4 according to the 
material, the type of loading and the limit state being 
considered. 

9-2. Limit state of collapse: The limit state of 
collapse of the structure or part of the structure could be 
assessed from rupture of one or more critical sections and from 
buckling due to elastic or plastic instability (including the 
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effects of sway where appropriate) or overturning. The 
resistance to bending, shear, torsion and axial loads at every 
section shall not be less than the appropriate value at that 
section produced by the probable most unfavourable combina- 
tion of loads on the structure using the appropriate partial 
safety factors. 


9-3. Limit state of serviceability: To satisfy the 
limit state of serviceability the deflection and cracking in a 
structure shall not be excessive. This limit state corresponds 
to deflection and cracking. 


(a) Deflection: The deflection of a structure or part 
thereof shall not adversely affect the appearance or efficiency 
of the structure or finishes or partitions; This has been 
discussed in detail in chapter 4. 


(b) Cracking: Cracking of concrete should not adverse- 
ly affect the appearance or durability of the structure; the 
acceptable limits of cracking would vary with the type of 
structure and environment. The actual width of cracks will 
vary between wide limits and prediction of absolute maximum 
width is not possible. In general, the surface width of cracks 
should not exceed 0:3 mm. 


The acceptable criteria of design for cracking shall be 
as given in chapter 4 for various concrete structure elements. 


9-4. Characteristic and design values and partial 
safety factors: These are explained as below: 


(a) Characteristic. strength of materials: The value of 
the strength of the material below which not more than 
5 per cent of the test results are expected to fall is known as 
the characteristic strength of the material and is denoted by f. 

The characteristic strength for concrete (f4) shall be in 
accordance with table 1-1, modified by the age factor 
as given in art. 1-3. 

The characteristic strength for steel ( Jf). shall be assumed 
as minimum yield stress or 0-2 per cent proof stress. 

(b) Characteristic loads: The value of load which has 
a 95 percent probability of not being exceeded during the 
life of the structure is known as characteristic load and is 
denoted by F. | ' 
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The characteristic loads shall be worked out using 
statistical methods. Since data are not available to express 
the loads in statistical terms, the loads that have given safe 
designs in past shall be used and are set out in relevant 
Indian Standards. 


(1) Characteristic dead loads are the weight of the 
structure itself. These shall be found out using the unit 
weights of materials as given in IS : 1911-1967. 


(2) Characteristic live loads and wind loads in the 
absence of statistical data, shall be taken from IS : 875-1964. 


(3) Characteristic seismic loads in the absence of 
statistical data shall be taken from IS : 1893-1975. 


(c) Partial safety factors: These are the factors when 
applied to loads and materials give the design values. The 
partial safety factors take into account the possible over- 
loads, the limit state considered and inaccurate assessment 
of the effects of loading. 


For limit state of collapse and limit state of service- 
ability the partial safety factor Y; for loads are as given in 
table 9-1. 


TABLE 9-1 
VALUES OF PARTIAL SAFETY FACTORS Y, FOR LOADS 

Load Limit state of collapse Limit state of serviceability 

combination 
DL LL WL DL LL WL 

(1) (2) (3) (4) (5) | (8 (7) 
DL + LL 1:5 1:5 — 1:0 1-0 — 
DL + WL 1-5 or — 1:5 1:0 — 1-0 

š 0-9* 

DL + LL 

+ WL 1:2 1-2 1-2 1:0 0:8 0:8 


Note 1: While considering earthquake effects, substitute EL for WL. 


Note 2: For the limit states of serviceability, the values of Yf given in this 
table are applicable for short term effects. While assessing the long term effects 
due to creep, the dead load and that part of live load likely to be permanent may 


only be considered. 
* This value is to be considered when stability against overturning or stress 


reversal is critical. 
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When assessing the strength of a structure or structural 
member for the limit state of collapse, the values of partial 
safety factor Y, should be taken as 1:5 for concrete and 
1-15 for stecl. ~ š : 


The above partial safety factors shall normally be used. 
However, where the consequences of a structure attaining a 
limit state are of a serious nature such as huge loss of life 
and disruption of the economy, higher values of Y; and Ym 
than above may be applied. 


(d) Design values: The design values are obtained 
when partial safety factors are applied to characteristic 
loads and strengths. These are obtained as below: 


(1) Materials: The design strength of the materials, 
fais given by a 


where 
J = characteristic strength of the material 


Ym = partial safety factor appropriate to the material 
and limit state being considered. 


(2) Loads: The design load Fy is given by 


F — characteristic load 


Yr — partial safety factor appropriate to the nature of 
loading and the limit state being considered. 


9-5. Limit state of collapse: Flexure: 


Assumptions: These are set out in clause 37.1 of IS:456 and 
explained as below: 


(1) Plane sections normal to the axis remain plane 
after bending. 


This assumption means that strain at any point on tbe 
Cross-section 1s directly proportional to its distance from 
the neutral axis. 
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(2) The maximum strain in concrete at the outermost 
compression fibre is .aken as 0:0035 in bending. 


(3) The relationship between the compressive stress 
distribution in concrete and the strain in concrete may be 
assumed to be rectangle, trapezoid, parabola or any other 
shape which results in prediction of strength in substantial 
agreement with the results of tests. An acceptable stress- 
strain curve is given in fig. 9-1. For design purpose, the 
compressive strength of concrete in the structure shall be 
assumed to be 0-67 times the characteristic strength. The 
partial safety factor Ym = 1:5 shall be applied in addition 
to this. 


Parabolic curve 


fek 


Stress 


0.67 fek 


0.67 f ck/ Y m 


0.002 0.0035 


Stress-strain curve for concrete 
Fic. 9-1 

The design stress block and strain diagram are separa- 
tely shown in fig. 9-2. The design stress block parameters 
are as follows: | 

Area of stress block = 0:36 fok Xu 

Depth of centre of compressive force 

from the extreme fibre in compression — 0:42 x, 
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where 


Jak = characteristic compressive strength of concrete 
x, = depth of neutral axis. 


The stress block parameters are derived as follows: 


As the strain in concrete is proportional to the distance 
from the neutral axis, the depth of parabolic portion, refer- 
ring fig. 9-2 


the depth of rectangular portion 


ay = Xy— 7 *u 
3 
== 7 Xue 
0.0035 
jr 
(0.002 | 7% Qni 
Xu 4 D 0.26f;xXu 
Í y 
—— 4 WW. Q 
| 0.87f, 
Sla. 0.002 
(a) Strain diagram (b) Stress block 
Fic. 9-2 | 


Area of parabolic portion 
2 
m X 0:446 fik X ces 


7 
= 0:17 fix xy. 
Area of rectangular portion 


= 0-446 fix x 75 
= 0:19 fok x, 
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Total area of stress block 


= 0:17 Sek Xy + 0:19 er Xu 
= 0°36 HOMER SE Ps (9-3a) 


Let y be the distance of c.g. of stress block from the 
extreme compression fibre, then 


3 
(017 fok tu) (y+ E 29) + 0-19 fa x, C) 
a 0-36 for x, 


ect 3 
Substituting x, = 7 *u and x, — 7 Xu and simplifying, 


y: = Obl Oty, Z= 0:42. xui aa mee (9-35) 
(4) The tensile strength of concrete is ignored. 


(5) The stresses in the reinforcement are derived from 
representative stress-strain curve for the type of steel used. 
Typical curves are given in fig. 9-3(a) and (0). For design 
purpose the partial safety factor Y,, equal to 1:15 shall be 
applied. 

The close observation of these curves shows that for 
mild steel, the stress is proportional to strain upto yield point 
and then upto failure, strain increases at a constant stress 
Jy- (Note that this is not the actual stress-strain curve for mild 
steel, but is idealised for design purpose.) For mild steel of 


grade Fe 250 the design stress will be ae 217 N/mm? for 


1:15 
LODS 0:00109 and above (i.e. upto 
2x 108 = and above (i.e. up 


the strain value of 
failure). 

For cold-worked deformed bar, the stress is proportional 
to strain upto a stress of 0-8 fj. Thereafter, the stress-strain 


curve is defined as given below: 


Stress Inelastic strain 
0:80 ff Nil 
0-85 f 0:0001 
0:90 f, 0-0003 
0:95 f, 0-0007 
0:975 f, 0-0010 
1:00 f 0-0020 
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E, = 2 x 1O5N/mm? 


0.002 T 0.004 Strain 


0.001 —0.003 


(a) Cold-worked deformed bar 


f, ECT Ee uy 
— fuftts 


Stress 


E, = 2x 105N/mm? 


DIUTIUS REN 
0 Strain 


(6) Mild stecl bar 
Representative stress-strain curves for reinforcement 
fic. 9-3 
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To find out the design stress for a given strain value, 
a stress-strain graph shall be drawn using above values. 
For plotting the graph, stress-strain relation may be assumed 
¿as straight line between above defined points e.g. for Fe415 


grade steel, at 0-8 f the strain will be — —0-00166 
and at 0:85 f, the strain will be ME + 0:0001 


= 0-00186 and between these two points thc stress- 
strain relation is assumed as straight line. For the given 
strain, now design stress can be found out from the graph. 
The stress-strain curves for cold-worked deformed bars are 
shown in fig. 9-4. 


(6) The maximum strain in the tension reinforcement 
in the section at failure shall not be less than: 


Sy 009 
ise, 0009 


where 
jf, = characteristic strength of steel 
E, = modulus of elasticity of steel. 
This assumption restricts the depth of neutral axis. 
From the strain diagram (refer fig. 9-2) 
Xus max __ 0-0035 
(ee 0-8 


0-0035 -+ = + 0:002 
$ 


ta 1010035 e 
00055 + 27 


$ 


For mild steel, f, = 250 N/mm? 


Xus max __ 0:0035 
ee 0-87 x 250 
0-0055 + To se TOS ` 


— 0:53 
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may be found out in the same 


d 
way. The limiting values of depth of neutral axis for 


Xu; max 


For other steels, 


500/LI5 


HAT tT) 415/5 


an 
i 


LL SD 0 pt rir] Se 
pope EZ EZ] EZ a PN Z= E OS OS eer 
—— —-4—-—-———-4--——— RM ~ LI N a ESE ESE EJ €x II 
BEES ES 


450 


tutu N 


“$2115 


0.001 0.002 0.003 0.004 0.005 


o 


Strain 
Stress-strain curves for cold-worked steels 


Fic. 9-4 
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different grades of steel based on the above assumptions 
are as follows: 


Sy Xus maxi d 
250 0-53 
415 0-48 
500 0-46 


SINGLY REINFORCED RECTANGULAR BEAMS 


9-6. Derivation of formulae: A singly reinforced 
rectangular beam section, strain diagram and stress diagram 
are shown in fig. 9-5. "The formulae for balanced section 
are derived as follow: 


0.446 fa 


k— 
= 
T =O.87f,An 
(a) Section (b) Strain diagram (e) Stress diagram 


Singly reinforced beam 
Fic. 9-5 


To find neutral axis: 
Total compression — total tension 
0:36 Sek Xu b = 0:87 Sy Ag 


Note that value of depth of neutral axis as obtained by 
equation (9-4) should not exceed xu, max for a given section. 
If x, > Xy, max; the depth of neutral axis shall be taken as 
Xu, max: This automatically restricts the use of over-rein- 


forced sections. 
q Ü— 
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To find lever arm: 


From the stress diagram, the lever arm 
z = (d — 0:42 x). 
To find moment of resistance: 
For a balanced section 
M.R. = total compression X lever arm 
= total tension X lever arm. 
Considering the compressive forces (balanced or limiting 
value for a given section) 


M, == 0-36 ja b x, (d — 0:42. xu) 
= 0:36 = = (1—042 7) aO A ya (9-6a) 


For a limiting value, substitute Xy, max for xw. 
Then 


M in = 0:86 me max (1— 0:42 — ee fa, bd? 


Where the constant 
M.. x 
Q = atin — 0-36 cmt (1 — 0-42 =), - (9-7) 


and is known as limiting moment of resistance factor for balanced 
rectangular section. 


Now considering tensile forces (for under-reinforced 
sections) 


Mp 0826 Aad OAD assem oce (9-60) 
ee, 0-87 f, A 
| sutu ng Xy 0-36 fx b 


0-42 x 0-87 f, A, 


My = 0:87 f, Ag (d — 
: pene 036 jn b 


= 0:87 f, Ay d (1 — —b PT AA. (9-64) 
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Limiting moment of reststance index: 


From equation (9-6a), 


Muy lim = 0862725 (| —042 “BBO fy bd? 


š Mu, lim T Yu» max AQ Xu max 
ids UO ee MEM (9-8) 


Mu lim . aus 
The constant _ ie is known as limiting moment 


ck 
of resistance index. This can be obtained by substituting 


X š ° 
— ” for different grades of steel. 


For Fe 250 grade mild steel, zn Ecl = 0:53 


Muy lim 


s: Fx bd = 0:36 x 0:53 (1 — 0:42 x 0-53) 
[^ 


— 0-148. 


For Fe 415 grade tor steel, — = 0:48 


Mu Him = 0: 36 x 0-48 (1 — 0:42 x 0-48) 


For Fe 500 grade tor steel, Em MET 0-46 


Muy lim = 0-36 x 0:46 (1 — 0:42 x 0:46) 


"ofa bas 
= 0-133. 


For ready reference, these values are tabulated in 
table 9-2. 

Limiting reinforcement index: 

From equation (9-6c) 


0-42 x 
M, = 0:87 fy Au d — g) 


e Ji bd 
Substituting Ast = -100 
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Ku sn i | ja 
B5 — n X 037€ — 7042 x 
dec 


Dividing both the sides by fı and writing equation 
for limiting moment 


Pts lim Pty tim Sy _ Mi, dus lim 100 1 
x — — T 
Ew — fa bd bd? 0-87 X 0-49 PN EUER (9 9) 
Meere) 
The constant b Po tind ; is known as limiting reinforcement 
index. 
For mild steel of grade Fe 250 
Pts lim Pb tim Jy 100 1 
= 0:148 X — x ——_______ 
EU 0-87 < (1 —0-42 x 0-53) 
= 21-88. 


For different grades of steels, these values have heen 
tabulated in table 9-2. 


TABLE 9-2 
LIMITING MOMENT OF RESISTANCE AND REINFORCEMENT INDEX 
FOR SINGLY REINFORCED RECTANGULAR SECTIONS 


Jy, Nimm? 250 415 500 
Tik bd 0:148 0:138 0-133 


ay 21-88 19:87 18-95 
— —— eil EIL O UU 
Limiting moment of resistance factor : | 
Limiting moment of resistance factor is defined as 
T Mu, lim __ M ttus lim 

R= TB T Fy Bf 
ud at M15 mix and mild steel reinforcement of grade 
Q = 0:148 x 15 

= 2:22. 
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For different combinations of materials, the values of 


Q have been tabulated in table 9-3. 


TABLE 9-3 


LIMITING MOMENT OF RESISTANCE FACTOR CEN N/mm? 
FOR SINGLY REINFORCED RECTANGULAR SECTIONS 


Jek, Sy, N/mm? 

N/mm? 250 415 
15 P i222 S 2:07 
20 2-96 2-76 
25 3-7 3:45 
30 4-44 4-14 


Limiting reinforcement: 


500 


2-00 
2°66 
3-33 
3-99 


Limiting percentage of reinforcement can be obtained 
by using equation (9-9) and values from table 9-2. 


For M15 mix and mild steel reinforcement of grade 


Fe 250, 
Pts tin = 21:88 Ja from table 9-2 
Sy 
15 
= 21:88 x 950 


= 1:39. 


For different combinations of materials f; ij, have 


been tabulated in table 9-4. 


TABLE 9-4 


LIMITING PERCENTAGE OF REINFORCEMENT FOR. 
SINGLY REINFORCED RECTANGULAR SECTIONS 


eee yÓ+— áÉÉáÁÉáááá2d 


Jik Sy; Nimm? 

N/mm? 250 415 500 
15 1:32 0-72 0-57 
20 | 1-75 0-96 0-76 
25 2-19 1-20 0-95 
30 2-63 1-44 1-14 


———— M € —— HH — — AlvE —————— 
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-To find steel. area: 


(1) For a given ultimate moment (also known as 


factored moment) and assumed width of section, find. out d. 


from equation (9-62) 


This is a balanced section and steel area may be found 
out using equation (9-64). Alternatively, pı, lim may be 
obtained from table 9-4. us 


(2) For a given factored moment, width and depth of 
section 


Obtain M, lim = Q bd*. 
If M, < Mu tim : design as under-reinforced section 
as explained below. 
If M, = My m : design as balanced section as 
| explained in (1) above. 
If M, > My lim  : redesign the section either in- 


creasing the dimensions of section 


or. design as doubly-reinforced 
beam. 


For under-reinforced section, the steel area can be 
obtained using equation (9-6c) or (9-64). 


My = 0:87 Sy Agi d (1 h As, 


| bd for I 
Dividing both the sides by 0-87 f, bä? 
xmi ü-k4 
0-87 f, bd? bd ` fu bd 
E bd 
Substitutir = 2128 
ubstituting 4, 100 
x My ft) EN (t. 
0:87 f, bd? ^ ‘100’ f ro 


which 2n Se E 
E 


fa Com s MINA. jp 
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which on solving uae 


100 ^ 
ot 
Fi 
6 Ms 
bi = 50 mie i7. (9-10) 
t f If a and onyo TU CIDCODO:S 


The positive value of root of the equation will give 
larger area of steel than fy lim and hence is not considered. 
From equation (9-10), for given values of f, and fe and 
for different values of a the reinforcement percentage 
Db: can be plotted or tabulated. SP :16 contains charts 
1 to 18 and tables 1 to 4 based on above equation. In 
SP:16, the exact value of distance of c.g. of compressive 
force Bom extreme compression fibre (0-416 x,) is considered 
which yields the expression 
46 Mu 
1-005 ~Y 1-008. 005 — Ji ha 


Un M EER TE 


9-7, Types of problems: Three different types of 
problems are possible for singly reinforced rectangular beams: 

Type 1: To find out the depth of neutral axis and 
specifying the type of beam, 

For a given section, equate tota] tension and total 
compression and thus find out the depth of neutral axis 
using equation (9-4) | ' 

1 0:87 fy Ast. 
i.e. Xu = "9.36 T 
Also find out the limiting value of depth of neutral axis 


. . . «X 
Xu max using limiting value of == : 
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Then 


if x, < xy, max the section is under-reinforced 

if x, = xy, max the section is balanced E 

if x, > Xy, max the section is over-reinforced and adopt 

Xu = Xu, max: 

Type 2: To find out moment of resistance for a given 
section. ' 

(a) Find out the depth of neutral axis and type of the 
beam as discussed in type 1. 


(b) For over-reinforced and balanced sections, obtain 
moment of resistance using equation (9-62). 


(c) For under-reinforced sections, obtain moment of 
resistance using equation (9-62), (9-6c) or (9-64). 
Type 3: To find the steel area for the section for a 
given factored moment. 
This is explained in art. 9-6 under the heading “to find 
steel area". 
Example 9-1, | 
A rectangular beam 230 mm wide and 520 mm effective depth 
is reinforced with 4 no. 16 mm diameter bars. Find out the depth 
of neutral axis and specify. the type of beam. The materials are 
M 15 grade concrete and tor steel reinforcement of grade Fe 415. 
Also find out the depth of neutral axis ¿f the reinforcement is 
increased to 5 no. 16 mm diameter bars. 
Solution: - 
Case 1: 4544 X 201 = 804 mm2. 
Total compression = 0-36 fx bx, 
= 0-36 x 15 x 230 x, 
= 1242 Xue 
Total tension = 0-87 f, As 
= 0°87 x 415 x 804 
= 290284 N. 
Equating 
1242 x, = 290284 
| Xu = 234 mm. 
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Limiting value of neutral axis 
Xu max == 0:48 d 
= 0-48 x 520 
= 250 mm 
Xu < Xu, max: 


Section is under-reinforced, and 
x, = 234 mm. 


Case 2: Ay = 5 x 201 = 1005 mm?. 


Total compression:— 0-36 x 15 x 230 x, 
= 1242 x,. 
Total tension = 0:87 x 415 x 1005 
= 362855 N. 
Equating 
1242 x, == 362855 
X, = 292 mm. 
Here x, Xy max i.e. Over-reinforced section 


Xu = Xu, max 


== 250 mm. 


Example 9-2. 


A singly reinforced rectangular beam of width 230 mm and 
460 mm effective depth is reinforced with 4 no. 20 mm diameter bars. 
Find out the ultimate moment of resistance of the section. The 
materials are M15 grade concrete and mild steel reinforcement. Also 
find out the ultimate moment of resistance if it is reinforced with 5 no. 
20 mm diameter bars. 


Solution : 
Case 1: Ay = 4 x 314 = 1256 mm*. 
Total compression = 0:36 fa b xy 
== (0:36 x 15 x 230 x, 
= 1242 x. 
Total tension = 0-87 f, Ax 
= (0-87 x 250 x 1256 
= 273180 N. 
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Total compression — total tension 
1242 x, — 273180 
xy = 220 mm 
Amas 0:52 2 
= 0:53 x 460 
= 244' mm 
Xu < Xu, max: 
The section is under-reinforced and x, — 220 mm. 
M, = 0:87 f, Ag (d —0:42 xu) 
= 0:87 x 250 x 1256 (460 — 0-42 x 220) x 1079 kNm 
— 100-42 kNm. 
_ Alternatively 
M, = 0:36 fok b x, (d — 0-42. xu) 


=- 0:36 x 15 x 230 x 220 (460 —0:42 x 220) x 10-5 
— 100-44 kNm. 


Case 2: Ay = 5 X 314 
= 1570 mm?. 
Total compression == 0:36 f b x, _. 
= 0:36 x 15 x 230 x, 
= 1242 x. 
Total tension = 0:87 fy Ay 
| |... = 087 x 250 x 1570 
; = 341475 N. . 
Total compression — total tension 
(1242 x, = 341475 
Xy = 275 mm 
Xu, max = 244 mm 


*u 2 Žu; max: 
`. Section is over-reinforced. ` 
Use ^ X, — 244. mm. 


Lever arm z = d — 0-42 x, 
= 460 — 0:42 x 244 
| 22 857 mm. 
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M, = 0:36 fek b x, z 
: 036 x 15 x 230 x 244 x357 x10-6° kNm 
— 108:2 kNm. 


lI 


Example 9-3. 


A singly reinforced rectangular beam is subjected to a bending 
moment of 40 kNm at working loads. Design the beam for flexure. 
The materials are M15 grade concrete and mild steel reinforcement 
. of grade Fe 250. 

Solution: 
Adopt b = 230 mm 
Factored moment = 1-5 x 40 
= 60 kNm. 
From table 9-3 
May lim = 2°22 bd. 
gos 60 x 10° 
s 2-22 x 230 
= 342:8 mm say 343 mm. 


Steel area can be found out using equation (9-6c). 


My = 0:87 fy As d (1 —0-42 92) 


d 

For balanced section 

Xu Vus max 

d = uL === 0:53. 
Substituting ; 

60 x 109 — 0-87 x 250 A, x 343 (1 — 0-42 x 0:53) 
= 57995 Ay | 

` As = 1035 mm?. 
Alternatively 


This is a balanced section and from table 9-4 
bis lim = 1:32 


132 .. 
nea 0 x 343 
100 x 23 


— 1040 mm°. 


As 
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Provide 3-20 $ + 1-12 = 3 x 314 + 113 
= 1055 mm?. 
D = 343 + 10 + 25 = 378 mm. 


Provide overall depth — 380 mm. 


Supplementary details: Compare this example with 
Ex. 2-2 designed using working stress method. While using 
limit state theory, the saving in concrete per metre length 
of beam is equal to 0-1 x 0:23 = 0-023 më. At a market. 
rate of 1050 Rs/m?, this saving will be 0:023 x 1050 = 24-15 
rupees. The increase in steel area is 1035 — 735 =: 300 mm*. 
Per metre the additional steel is 300 x 1000 x 10-9 x 7850 
kg/m? = 2-36 kg. Additional cost of this steel = 2-36 x 8 
Rs/kg == 18-88 rupees. Then net saving per metre length 
of beam is 24-15 — 18:88 — 5:27 rupees. There may or may 
not be increase in cost of stirrups while using limit state 
method. In general, the limit state method provides an 
economical solution. The other advantages arc: 


(1) Light sections are used which reduce the dead 
weight of the structure. 

(2) Light sections appear aesthetic. 
Example 9-4. 


A rectangular beam 230 mm wide x 535 mm effective depth 
is subjected to a bending moment of 88:5 kNm at working loads. 
Find the steel area required. The materials are M15 grade concrete 
and tor steel reinforcement of grade Fe 415. 


Solution: 


Factored B.M. M, = 1:5 x 88:5 = 132-75 kNm 
Mau, tim = 2:07 bd? 
= 2:07 x 230 x 535? x 10-8 kNm 
== 136.27 kNm 
we < Muy, lim- 


The beam is under-reinforced. 


To find steel area, using equation (9-6c) 


M, = 0:87 fy Ay d (1 — As 
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415 Ag, 


132-75 x 105—0-87x415 Ayx535 (1 — 219 4e 
x ( 230 x 535 x 15) 


= 193162 4, — 43:43 A, 
TES both sides by 43:43 and simplifying 
Ag? — 4447 Ay — 3056643 =- 
which on solving gives 
Ay, = 850 mm*?. 


Alternatively 
1— yi-8 44 caca 
La X ade 


INT PUE 
M, 132-75 x 106 
bd — 930 x 5353 ENA 


Db, = 50 


= y — $6 v 5.09 
n = 50 15 
hi 415/15 
= 0-692 
Aves ES x 230 x 535 = 851-5 mm?. 


The value of p, also can be found out using table 1 from 
SP : 16. 

Note: Compare this example with example 5-8, section 
at support B or C. 

Example 9-5. 

Determine the main reinforcement for a simply supported one- 
way slab of span 3 m carrying a uniformly distributed load of 5:5 
KJN[m? inclusive of self weight. Thickness of slab is I 00 mm. 
The materials are M15 grade concrete and mild steel reinforcement. 
Solution: , 

32 


M = 5:5 x B 6-1875 kNm/m width. 


M, = 1:5 x 6:1875 
= 9-28 kNm. 
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Using 10 mm % bars ñ 
d= 100 — 15 — 5 = 80 mm 
b == 1000 mm AS 
M, 938 x 105 P 


j^ 1000 x 80: ~ t4 


From table 1, SP : 16 


bi = = = = 0-765 
0-765 š š 
Ast = 100 x 1000 x 80 = 612 mmå. 


Use 10 mm $4 about 125 mm c/c = 628 mm?. 


DOUBLY REINFORCED BEAMS 


9-8. Derivation of formulae: A doubly reinforced 
beam section, strain diagram and stress diagram are shown in 
fig. 9-6. A doubly reinforced beam subjected to a moment 
M, can be expressed as a rectangular section with tension 
reinforcement Ası lim reinforced for balanced condition giving 
moment of resistance M,, jim + an auxiliary section reinfcrced 
with compression reinforcement As and tensile reinforcement 
As. giving a moment of resistance Mua such that 


My = Mr, tin + Muz. 


e — b—» : 
| 0.0035 0.446 fa 


0471, , opo; 0.87f, 


(a) Section (b) Strain diagram (c) Stress diagram 
Doubly reinforced beam 
Fic. 9-6 
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or the moment Mu lim the tension steel Ast, lim is 
found out as explained for singly reinforced beams. For the 
additional moment My, the additional tension steel and 
compression steel are provided such that they give a couple 
of moment Mu. 


Let the compression reinforcement be provided at a 
depth d’ from the extreme compression fibre. Then lever 
arm for additional moment will be d — d'. 


Considering tension: steel 


Min = Aad X 0:87 fy (d —d)................. (9-11a) 
Considering compression steel 

Mus = Ase (Sse — fa) (d —d4').................. (9-112) 
where 


Ast. = area of additional tensile reinforcement 

As, = area of compression reinforcement 

Sse = stress in compression reinforcement 

Je = compressive stress in concrete at the level of 
compression steel. 


Now additional tension = additional compression 
20:975 Ain EA fee fir 
Asc (sc — fa) 9-11 
o = ——.......... Lr -llc 
A gto 0-87f, ( ) 
Any two of the above equations may be used to find out 
the value of As and Asẹ The total tensile reinforcement 
As: = As, tim + Aste- 
To solve the above equations, one needs the value of f; 
and fy. Referring fig. 9-6(b), the strain at the level of 


). 


Xu; max 


compression reinforcement will be 0:0035 (1 — 


Finding the strain at the level of compression reinforce- 
ment, the stress in concrete for this strain (fe) can be obtained 
from stress-strain curve of concrete of fig. 9-1. For the 


values of A upto 0-2, and for all types of steel, fe is equal 


d . ° 
to 0-446f,,. (This corresponds to the straight portion 
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f 


of curve upto a depth of 7 5v) Thus, the value of fe can be | 


found out. qu ` 

The strain in compression steel is the same as the:strain . 
in concrete at the level of compression steel. Using this 
value of strain, the stress in steel] can be found out from the 
representative stress-strain curves for reinforcement of fig. 9-3 
and fig. 9-4. 


To simplify the procedure of finding out the stress in 
compression reinforcement, let us find out the stress for different 
, 


d 
l =. 
values of 7 


For mild steel, x,, may = 0-534 


d' 
for a = 0-2 
strain at level of compression reinforcement 
0-2 
i ev ass NIE 
0035 (1 0-53) 0-00218. 


. Design stress in mild steel for strain of 0-00109 and above 
(i.e. upto failure) is 217 N/mm?. Therefore, for all values 
of d'|d from 0 to 0-2, the stress Js will be taken as 217 N/mm?. 


For tor steel of grade Fe415, xy, max = 0-48d. 


d' 
For — = 0: 
Dd 0:05 
strain at the level of compression steel 
0:05 
= 0:003 — —) = 0: 
5 (1 0-48) 0-003135. 


Stress in compression steel for this value of strain from 
fig. 9-4, is 355 N/mm*?. 


, — 


i s d PEEL 

Similarly for other values of om the stress in compression 
steel can be worked out. Design stresses in compression 
reinforcement (fy) for different values of š and different 


grades of steel have been tabulated in table 9-5. For inter- 
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Y 7 
mediate value ot 7 the next higher value may be used for 


“finding out Sse from table 9-5. 


we 


“Sa PS - 


TABLE 9-5 
STRESS IN COMPRESSION REINFORCEMENT Sse, N/mm? 
IN DOUBLY REINFORCED BEAMS 


p d! 
N/mm* d 
' 0:05 0-1 0-15 020 
250 217 217 217 217 
415 355 353 342 329 
500 | 424 412 395 370 


9-9. Types of problems: Two basic types of problems 
in doubly reinforced beam are discussed below: 


Type 1: To find out the moment of resistance of a 
given section. 


Referring fig. (9-6c), the equilibrium of forces yields 
an equation 


total compression = total tension 


l.c. 1 Ci - Cs = T 
036 fos Pu shade. (ha ie) m 0:87 ondes s (9-12) 


The stresses f;; and fe may be found out assuming 
balanced conditions i.c. for d’/d upto 0-2, foc = 0:446 f. and fsc 
may be found out using table 9-5. Substitute the values in 

. equation (9-12) and find out x,. Find Xu, max and type of beam. 


'The moment of resistance of the section can be found out 
by taking moments of compressive forces about the centroid 
of tensile reinforcement. Note that if the section is over- 
reinforced, the depth of neutral axis obtained will be more 
than x, max. In such cases, X, = Xy, max Shall be used for 
calculations. Then 

My, = 0:36 fa bx, (d -— 0° ean) -r A (fse — Sec) de 

d RE Siu Cece slo idi 9-13a 
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The value of f; is very small as compared to the Value of 
fe and can be neglected. Then s A R. 
M, = 0°36 fa bx, (d — 0-42x,) + Ase fsc (d — d) - 
SONRISA CAS (9-135) 
Alternatively, find out the c.g. of compressive forces and 
calculate lever arm z. 


Then 


E a RO TEE E (9-136) 


Type 2: To find out reinforcement for flexure for a 
given section and factored moment. 


(1) Find out Mu tim and reinforcement Ast, lim for a 
given section using the equations 
Mu, tim = Qhd® = 0-36fck bxy, max(d — 0:42xu, max) 
z d Mu lim 
and As; lin = 0-87f, (d — 0-42x.. m 
(2) Obtain moment Mus = M, — Mu, lim- 
(3) Find compression steel from equation 
Mug = Age (foc — fe) (d — d). 
Neglection fec 
Age == Ses 


sc (d — d') 


(4) Corresponding tension steel Ay, may be found 
out from 


A 2A Asc sc 
"» ^^ 0-87f, 
(5) Ay = Ast; lin + Aste. 
Example 9-6. 


Find the moment of resistance of a beam section 230 mm wide 
x 460 mm effective depth reinforced with 2-16 mm diameter bars 
as compression reinforcement at an effective cover of 40 mm and 4-20 
mm diameter bars as tension reinforcement. The materials are M15 
grade concrete and mild steel reinforcement. 
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t 


Solution: 


m 


Ase = 2 x 201 = 402 mm? 
Ag = 4 x 314 = 1256 mm?. 


— .— 


(a) Section (b) Strain diagram 
Fic. 9-7 


Equating total forces 
0:36fc% bx, + Ase fsc = 0-87/, Ast 


d 40 
d 460 


= 0-087, next higher value 0-1 may be adopted. 
fre = 217 N/mm? from table 9-5. 


Substituting 
0-36 x 15 x 230x, + 402 x 217 = 0-87 x 250 x 1256 
which gives 1242x, — 273180 -- 87234 
— 185946 

x, = 149:7 mm 
= 0-53d = 0:53 x 460 
= 243.8 mm 
Xu < Xus max: 


Xu» max 
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Hence, section is under-reinforced. 


= 149-7 mm. ‘eth ‘seit — 


Taking moments of compressive forces about centroid of ° 
tensile reinforcement E 


Mu — 0: 36fcK bx, (d — 0- 42x) -+ Asc Tse (d Cos d) 


= 0-36 x 15 x 230 x 149:7 (460 — 0:42 X ^^. 
149-7) x 1075-402 x 217 x (460—40) x 1079 = 


= 73-84 + 36-64 
= 110-48 kNm. 
Example 9-7. 


Find out the moment of resistance of a beam section of Ex. 
9-6, if the materials are M15 grade concrete and tor steel 
reinforcement of grade Fe 415. 


Solution: 
b= 230 mm 
d= 460 mm 
d — 40 mm 
As = 402 mm? 


As, = 1256 mmz. 

Equating total forces 
total compression = total tension 
0-36fez bx, + Ase fs; = 0-87 fy Ag. 


d' 
For EH 0:1, f from table 9-5 = 353 N/mm*?. 


Substituting 
0:36 x 15 x 230x, -+ 402 x 353 = 0-87 x 415 x 1256 
1242x, + 141906 = 453479 
which gives x, — 250-86 mm 
Xu; max = 0:48 x 460 = 220-8 mm. 
Xu > Xu, max 
Section is over-reinforced. 
Adopt x, = Xu max = 220:8 mm. 
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The moment of resistance can be found out by taking 
sea, moments of compressive forces about centroid of tensile 
|^ * reinforcement. 

X My = [1242x, (460 —0-42x,) + 141906 (460 — 40)] x 10-8, 
£ `. Substituting x, = 220-8 mm 
aoe M, = 100-72 -+ 59-60 
ayes = 160-32 kNm. 
Example 9-8. 


A rectangular beam of size 250 mm wide x 500 mm effective 
depth is subjected to a factored moment of 175 kNm. Find the 
reinforcement for flexure. The materials are M15 grade concrete 
and tor steel reinforcement of grade Fe 415. 


Solution: 
Mu, lim = 2:07 x 230 x 500? x 10-8 = 119 kNm. 
My = 175 — 119 = 56 kNm. 
Let the compression reinforcement be provided at an 
effective cover of 50 mm. 
a o5 


Stress in compression steel from table 9-5 
fs = 353 N/[mm*. 
My 
Now, As "Um dy TETS 
12907 1075 
353 (500 — 50) 
= 352-5 mm*. 
Gorresponding tensile steel 


As = A 
J 

852-5 x 353 

~ 0:87 x 415 

= 344-6 mm?. 
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M, us lim 


diim PTT 
m 0:875d (1 — 0:42 mem dose E 


119 x 109 
~ 0-87 x 415 x 500 (1 — 0-42 x 0-48) 
= 825:6 mm?. 
Ags, = 352-5 mm?, provide 2-16 (p = 402 mm? 
Ay = 344-6 -+ 8256 
== 1170-2 mm, provide 4-20 (D = 1256 mm*?. 
9-10. Use of design aids: While designing, the 


section is assumed as balanced. The expression for the 


moment of resistance of doubly reinforced section may be 
written as follows: 


Mu = Mu lim + Aste (0825) (d— d^). 


Pigbd 


Substituting Ást = 100 
My = My tin par Ey (0-876) (d— d) 


M, _ = ae Pi ; 
m + tog 09) 0-5) 


where 


fig is the additional percentage of tensile reinforcement. 


ti = P lim F Pis 


0: : 
and $ = fy | pd 


For different values of t the steel percentage p; and 


- 


f. are tabulated for different vüluss of is Bud various 
combination of materials i in tables 45 to 56 of SP : 16. 


Example 9-9. 


Design the steel reinforcement for the data given in Ex. 9-8 
using design tables. | 
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Solution : 
Sb = 230 mm 
" "d = 500 mm 
d' 
7 = 0:1 


M, 17x10 
bd 930 x 5009: — O UT: 


From table 49 of SP : 16 


ĝi = 1-054 

and e= 0:312 
1-054 3 
and 4, = "OE x 230 x 500 = 359 mm*?. 


FLANGED BEAMS 


9-11. Introductory: A tee beam (or ell beam) can 
be considered as a rectangular beam with dimensions by x D 
plus a flange of size (bf — bw) X Dy. This is indicated in fig. 
9-8, where beam (a) is equivalent to beam (b) + beam (c). 


kbr — | $b) 
D a D 
| "| | mms 7 
= L T. Jl i] 
| | zu 
|i 
TRO "S UTE 
(a) (b) (9) 
Fic. 9-8 


The flanged beam analysis and design are analogous to 
doubly reinforced rectangular ‘beam. The beam (a) of fig. 
9-8 can be thought of as a singly reinforced beam (b) plus 
beam (¿). which provides additional compressive. forcc. In 
doubly reinforced rectangular beam the compression reinforce- 
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ment provides additional compressive resistance. A flanged 
beam also can be doubly reinforced, however, doubly reinforced... 
flanged beams are rare as a large amount of compressive ~~ 
resistance is provided by the slab. elt. 

The moment of resistance of a tee beam of fig. 9-8(a) 
is a sum of the moment of resistance of beam (b) plus the 
moment of resistance of beam (c). 

Similarly the steel area required for beam (a) shall be 
equal to the sum of the steel required for beam (b) and the 
steel area required for beam (c). 


.9-12. Position of neutral axis: For a flanged beam, 
the neutral axis either (a) lies in flange, or (b) lies in web. 
For a given section, to decide whether the neutral axis lies 
in flange or web, the flange force and the total tension may 
be compared as explained below. 

As a first approximation, let us assume that neutral axis 
lies at the bottom of flange. 


Now, total compression 

Fic — 0:36 Sk b Dr and 
total tension 

Fis = 0:87 h As. 
Then 

(i) if F, > F; neutral axis lies in flange 

(ii) if Fs = F, neutral axis lies at the bottom of 

flange 

(iii) if Fy, < Fis, neutral axis lies in web. 

Equating total compression with total tension, the actual 
depth of neutral axis can be found out. Total compression 
shall be found out as explained in art. 9-13 for different 


possible cases. To find out the type of the beam, xy, max shall 
be found and compared with actual value of neutral axis xy. 


Then 
(i) if x, < Xu max; the section is under-reinforced 
(ii) if x, = Xu max; the section is balanced 
(iii) if x, > xu, max; the section is over-reinforced and 


Xu == Xy, max: 
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9-13. Derivation of formulae: Depending upon 


gs nsiaifferent values of x, and Dy four different cases are 


. Case 1: Neutral axis lies in flange (x, < D 


discussed below for a flanged beam. 


l f). 
i In such a case the beam acts as a rectangular beam of 
width 6, and the formulae derived for rectangular beams shall 


.be applied. They are summarized below: 


For a singly reinforced flanged beam 


(a) Equating total compression and total tension 


Xu = eT EE i cha NES (9-14a) 
(b) Tor under-reinforced section 
M, = 0:87f, Ax. (d —0:42x,)..... i... (9-14b) 
or ' Mu = 0:36f ie byx, (d — 0:-42xi)............. (9-14) 


(c) For balanced or over-reinforced section 
My, limt = 0-36 fcx b sXuy max (d = 0-42x,, mak) ODA (9-14d) 


or My timer = 0°87f Ast lin (d —0°42% max) - -> (9-14e) 
For a doubly reinforced flanged beam 

(a). M Mis ass fee (@ dl nce oss oes (9-152) 

xc voe de ias tc, i does sua mia ... (9-158) 

(c) Agi = D aot uris CE ERE (9-15c) 

(d): Aa = Ay bero Len TOR (9-15d) 


Case 2: Neutral axis lies in web (x, > Dy), section is 
balanced (limiting value of the moment of resistance). 


A tee beam section, strain diagram and stress diagram 
are shown in fig. 9-9. It can be seen that when the thickness * 
of flange is small, that is less than about 0:24, the stresses in 
flange are uniform or nearly uniform. (When mild steel is used, 


3 
the stresses in concrete are uniform upto 7 x 0:53d = 0-227d; 


when tor steel of grade Fe 415 is used, the stresses in concrete are uniform 
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un 7 x 0:48d = 0:206d and when tor steel of graue ii ei 


3 
used, the stresses in concrete are uniform upto 7% 0-46d = 0- J $5. j 


When the thickness of flange exceeds 0-2d, the stresses in the | 
flange are not uniform. According to expressions given in 
appendix E-2 of IS :456, the allowance for non-uniform.... 


; . m cos aD | 
stresses are made when in the equations considering = <0°2d, 


D, is replaced by yp — 


where 
Jr = 0-15x, + 0:65D, but not greater than Dp. ... (9-16) 
e 0.446 AAG fs 
= bi 0.0035 
F ae x 
0.87f, 
only + 0.002 
(a) Section (b) Strain diagram (c) Stress diagram 
Fic. 9-9 


0) When = < 0:2 


The depth of rectangular portion of stress block is more 
than flange thickness and thus stresses in flange are uniform 
having a value of 0-446/,. 


Total tension — UB iydaesm isse asss wos, ns (Bola) _ 
Total compression == compression in rectangular beam 
of size bw X d+ compression in 
rectangle of size (br — by) Dy 
= 0:36/çç bwXu, max + 0:446 fik X 
(r DoD vs A (9-175) 
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| EN x “Limiting moment of resistance of the section can be found 
i d -By. taking moment of compressive forces about centroid 
of. tensile reinforcement. Then 
“Mo lims T = mii 36 feck bw%xu; max (d — 0:42x,, max) + (bp — bw) D; 
D; 


SONG qe e ss (9-176) 


To find out the steel area A; lim for this case, total 
tension and total compression are equated. Then 
0-87/, Ast; lim ~ 0:36/ç; buxXu max + 0-446f (by = bw) Dy 
P OFE E 0-36fek bwXu, max + 0446fez (by — bw) Df 
st lim 0-87/, 


(ü) When = > 0-2 


The rectangular portion of stress block in this case is 
assumed to be equal to yy. 


Total tension = 0-87/, Ay, lim»... eene (9-18a) 
Total compression = 0:36f,b,xX,, max+-0-446fex (by — bw) yr 
Oe a Mie (9-185) 


Limiting moment of resistance of the section can be 
found out by taking moment of compressive forces about 
centre of tensile reinforcement. Then 


Muy, lim, T = 0-36fck bwXus max (d —0:42x,, max) + 0-446 cx (by — bw) 
x ay (d — peo E (9-182) 


To find out the steel area Ast, jim; total tension and total 
compression are equated. This gives 


0-36 fcxbw%u» max + 0:440fek (br — bw) yr 
Aas tin = s = . (9-184) 


Note that for a given width of flange, width of web and 
effective depth, if the thickness of flange is increased, a larger 


value of moment of resistance is obtaincd, i.e. Case Fi f 0-2 


; ° Dy 
yields larger value of moment of resistance than case d « 0-2. 
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Case 3: Neutral axis lies in web, section is under-reinforged... . = 
“Sey 


T 


-« 


For finding out limiting moment of resistance, the for- ^^ É. 


^D 1 E 
mulae were simplified for d < 0-2 and _ > 0:2 as discussed 


in case 2. When the section is under-reinforced, the moment 
of resistance shall be found out using actual stress block. The 


stress block for concrete shows a uniform stress upto a depth. . » 


of > x, and then a parabolic shape. These cases are discussed 


below. 
. 3 
G) D; < 7 Xu 


In this case, the stresses are uniform in flange. 


Total compression 


= 0-36fek buxy + 0:446 fik (bp — bw) Dfe- -e (9-19a) 
Total tension : 
= O 876 A4... (9-195) 


To find out x,, total compression and total tension are 
equated. ! 


To find out the moment of resistance of the section, the 
moment of compressive forces are taken about centroid of 
tensile reinforcement. i 

M, = 0:36fek bax, (d — 0:42x,) + 0:446f (by — bu) 


x Dj (4—— Yasa, udis ert (9-197) 


Referring fig. 9-8, for the given moment Mi, the steel 
area 4, required for beam (a) shall be treated as the sum 
of the steel area Asn required for beam (b) resisting moment 
M, and the steel area Ast required for beam (c) resisting 
moment Mu such that 

u = Min + Mus waa we 6) 6 ele. ea ss Ria e amia. s we.» (9-20a) 
and I Ay = Ast + A sto * € s s » » s» 5 daw a-igi'e SN wa, OME VE Eye 9 48 ( 9-205) 
For beam (c), equating the total compression and total 
tension 
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| uui PEO Mfr (by — bw) Dr = 0-87f, Aste 
i 0-446fa. (by — bw) D; 
0-87f, 


Mas =: 0446f4 (br — bw) Dy (d — =) ee (9-204) 


As = ——— ................. (9-20c) 


Ss For beam (b), the approach will be the same as for 
` singly reinforced beam. We have 
Mu = M, — Mie and 
1004; _ GUN CERE LU. 


50 | —— 
bd Jylfek 


s: 3 
(ii) D > 7 X 


eas ARE (9-20) 


In this case, the non-uniform stresses in the flange shall 
be taken into account and the above formulae (9-19) shall 
be used replacing D, by Jp. 

Total compression 


= 0:36 fxr Dux, + 0:446fa (br— bu)yr ins (9-21a) 
Total tension 
—:0:8755 i-e tE... Woe ane es Des. (9-216) 


where Jf = 0-155, de 0:65Dy. 
Equating total compression and total tension, x, can be ` 
found out. 


Moment of resistance 


x »r(d -5 T. (9-216) 


To find out the steel area for a given moment M, in this 
case, the approach as described for case (i) cannot be used 
because the value of x, is not known and hence yy cannot be 
calculated. However, assuming a trial depth of neutral axis, 
the approach in (i) can be used. A simplified approach is 
explained below. This approach may be used for design of a 
flanged beam for any Cast. 
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CAAA — iA 
(1) The dimensions of a flanged beam are "üsuallyscis, 


] 
determined using practical concept or a depth of — to 


times the span is assumed. This is explained in art. 2-17 
type 4. 


D ! 
(2) Assume the approximate lever arm d A and | 


find the steel area from the following formula: 
Mu 


0-87, (d — 25 


Ay = 


(3) Provide the steel as found from (2). Find out the 
depth of neutral axis and the moment of resistance which 
shall be greater than or equal to the applied moment. 


(4) If moment of resistance is less than the applied 
moment revise the section. 


For case (i) Dj < - aye 
l.c. ; Dy < xy. 


For case (ii) D;> : Xu 


i.c. ; D, > xe 


e š : 
For a given section 3 D, is a constant quantity. If the 


reinforcement is increased, the moment of resistance also 
increases as long as its value is below the limiting moment 
of resistance. As the reinforcement increases, x, also increases. 
Thus for a given section, the first case will give a larger moment 
of resistance than the second case. This explanation will 
be helpful in the analysis of a flanged beam. 


= Case 4: Neutral axis lies in web and section is over- 
reinforced: 


When the section is over-reinforced, the moment of 


resistance shall be Mu lim and this can be obtained in a 
similar way as explained in case 2. 
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Wer od 


NETT l 2 5 | 
oci Gü) When = < 0-2, use equation (9-17) 


š p. 
S 


hy iden, (ü) When A» 0-2, use equation (9-18). 


Example 9-10. 


cu ` A tee beam of effective flange width 1500 mm, thickness of slab 
"100 mm, width of rib 300 mm and effective depth of 560 mm is 
reinforced with 4 no. 25 mm diameter bars. Calculate the ultimate 
moment of resistance. The materials are M15 grade concrete and 

tor steel reinforcement of grade Fe 415. 


kK———1500 — — 


1100 


k—300— 
Fic. 9-10 


Solution: 
Ay = 4 x 491 = 1964 mm*?. 
To find whether the neutral axis lies in flange or web, 
flange compression and tensile force are compared. 
Fic == 0°36fex bDi 
— 0-36 x 15 x 1500 x 100 x 10-3 
= 810 kN 
Fıs, = 0:87f, Ast 
— 0:87 x 415 x 1964 X 10-3 
= 709 kN 
Fic > Fs 
. Neutral axis lies in flange. 
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Equating the forces ur n 
total compression — total tension 
0:36fz. bx, = 0:875 Asi 
0-36 x 15 x 1500x, = 0°87 x 415 x 1964 
8100x, = 709102 "c 
x, = 87-54 mm < 100 mm....(O.K.) 
Xu max = 0:48d 
== 0:48 x 560 
= 268:8 mm. 
Xu < Xu max 
Section is under-reinforced. 
M, == 0:87f, Ast (d — 0:42x,) 
= 0:87 x 415 x 1964-(560 — 0-42 x 87:54) x 107° 
— 371 kNm. 
Alternatively 
My EST :36/ct bixu (d — 0: 42x) 
=: 0:36 x 15 x 1500 x 87:54. (560 — 0-42 x 87: 54) x 10-6 
= 371 kNm. 


Example 9-11. 


Find the ultimate moment of resistance for the section of 
Ex. 9-10, if it ts reinforced with 5 no. 25 mm diameter bars. 


Solution: 
Ay = 5 x 491 = 2455 mm*?. 
To find neutral axis 
Fi, = 0°36f¢% b;D, 
= 0:36 x 15 x 1500 x 100 x 1073 
= 810 kN. 
F, Í = 0:87f, As, 
=: 0:87 x 415 x 2455 x 107? 
= 886-4 kN. 
Fig < Fis 
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"S" Neutral axis lies in web. 


Assume D; > x Xu 


jr = 0:15x, + 0:65D, 
= 0:15x, + 0-65 x 100 
= 0:15x, + 65. 
Now, total compression 
= 036/24 butu + 0:446fa (bp -- bu)yr 
— 0-36 x 15 x 300x,, -+ 0-446 x 15 x 1200 (0-15x, +65) 
= 1620x, + 1204:2x, -+ 521820 
= 2824-2x, + 521820. 
Total tension : 
= 0-87f, Ass 
— 0:87 x 415 x 2455 
— 886378. 
Equating 
2824-9x,, + 521820 =: 886378 
which yields 
xy = 129-08 mm 


7 x = 55:32 mm < Dip shore sapay ot ste suasana pie (O.K.) 


Now, Xy < Xu max 
Section is under-reinforced. 
9r 0:15 X 199-08 + 65 = 84:36 mm. 
M, = 0:36fa bwXu (d — 0:42x,) + 0:446fa. (by — bw) 
x yr (d -5 

— 0-36 x 15 x 300 x 129-08 (560—0-42 X 129-08) x 1075 
' + 0:446 x 15 X 1200 x 84:36: (560 — 42-18) x 10-§ 

= 105-76 + 350-69 

= 456-45 kNm. 
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Example 9-12. 


Find the ultimate moment of resistance for the section of Ex. 9-10 ż; a 
if it is reinforced with 3 no. 28 mm diameter bars plus 3 no. 25 mm; ` 


diameter bars. Assume that effective depth remains the same. 
Solution : | 
Ay = 3(616 +- 491) = 3321 mm*. | 
From Example 9-11, it can be observed that N.A. lies 


in web. Assume D <š Re 


Total compression 
= 0°36 fk bx, + 0:446fa. (by — bw) Dy 


= 0:36 x 15 x 300x, + 0-446 x 15 x 1200 x 100 
== 1620x, + 802800. 


Total tension 
= 0-87f, Ag 
= 0:87 x 415 x 3321 
= 1199047. 


Equating 
1620x, + 802800 = 1199047 
x, = 244-6 mm 


7 5 Uq: S mO > Dy toot sterii ub a sts wna sus bns (O.K.) 
Xu, max = 0:48 x 560 
= 268:8 mm 
Xu < Xu max 


Section is under-reinforced. 


M, = 0:36fa b. xu (d—0:42x,) 4-0:446f4 (bj—b,).Dy (d— 75 


= 0:36 x 15 x 300 x 244-6 (560 — 0:42 x 244-6) x 1075 
+ 0:446 x 15 x 1200 x 100 (560 —50) x 1079 

= 181-20 + 409-43 

= 590.63 kNm. 
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id ee 2 a bee's Š 


y ae ep Met 

bá FEE ample 9:13. 

Sw. ^ A lee beam as shown in fig. 9-11 is subjected to a factored moment 
“of 400 kNm. Design the steel reinforcement for flexure. The 
x. _ materials are M15 grade concrete and tor steel reinforcement of grade 
2 Fe 415. 


f 


——————— 1650— — —7 


| 100 


Solution L 


To start with, assume lever arm 


Dr 
gd 
| 400 x 105 
Approximate A, = 0-87 x 415 X 450 
= 2462 mm?. ` 


Provide 5-25 @; Ay==5 x 491 = 2455 mm’. 
The approximate design is now checked. 


To find lever arm 
Fic = 0:36fa. b rDr 
= 0-36 x 15 x 1650 x 100 x 107? 
= 891 kN. 
Fis = 0-87f, Ast 
— 0-87 x 415 x 2455 x 107? 
— 886-4 kN. 


F e> Es ` š 
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Neutral axis lies in flange. 
Equating the forces 
0:36fa bixu = 0-874) Asi 
0:36 x 15 x 1650x, = 0:87 x 415 x 2455. 


xu = 99:5 mm < 100 mm.................. (O.K.) 
Xus max — 0:48d . 
— 0:48 x 500 
— 240 mm 


Xu < Xus max: 
Section is undet-reinforced. 
My, = 0:87f, Ast (d — 0°42x,) 
== 0-87 x 415 x 2455 (500 — 0-42 x 99:5) x 107° 
= 406:2 kNm > 400 kNm......... (O.K.) 
The design is satisfactory. 
Alternatively 
M, = 0:36fç; byx, (d — 0:42x,) 
= 0:36 x 15 x 1650 99:5 (500—0-42 x 99-5) x 1079 
|: 406:2 kNm. 
Example 9-14. 


In Example 9-13, if now the factored moment is increased to 
470 kNm, design the reinforcement for flexure. 


Solution: 


Approximate lever arm 


Approximate 

dpt 470 x 109 
0-87 x 415 x 450 

= 2893 mm?. 

Provide 6-25 @; 4,— 6 x 491 = 2946 mm2. 
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"To fnd pei axis 
Wo Fg = 036a bjD; 
NS — 0:36 x 15 x 1650 x 100 x 107? 
— 891 kN. 


Fy. = 0-87f, Ag 
= 0-87 x 415 x 2946 x 107? 
— 1063-6 kN. 

Fic < Fis 


Neutral axis lies in web. 
Assume Dy - Xu 
Jp = 0:15x, + 065D; 
= 0-15x, + 0-65 x 100 
= 0:15x,, + 65. 
Now total compression 
= 0:36/çk buxu + 0-446fc. (b/— ee : 
= 0-36 x 15 x 250x,-+0:446 x 15(1650—250) (0:15x,-1-65) 
= 1350x, + 1405x, + 608790 
* | e 2755x, + 608790. 
Total tension 
= 0:87 x 415 x 2946 
, = 1063653. 
Equating 
9755x, + 608790 = 1063655 
x, = 165 mm 
3 


7^" = 70:7 mm < Dy ETT OR TE piel oio as piai e S oTa Diae (O.K.) 


Now xu < Xus max° 


Section is under-reinforced. 


jr = 0:15 x 165 + 65 - 


= 89-75 mm. | 
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M, = 0:36fz bux, (d—0:42x,) +0' A46fa (bj— by) Jy (d — 2) | 


— 0-36 x 15 x 250 x 165(500—0-42 x 165) d n 


0-446 x 15 (1650 
= 95-94 +- 382-58 


— 478-52 kNm 7470 kNm............55: (O.K.) 


Example 9-15. 


In Ex. 9-14, now the factored moment is increased to 540 k.Nm. 
Design the reinforcement for flexure. Also find out the limiting 
moment of resistance of the section. 


Solution : 


Approximate lever arm 


2 Dr 
= ; 
= 500 — 50 
= 450 mm 
Approximate 
PE 540 x 10$ 
st” 0:87 x 415 x 450 
= 3323 mm*. 


Provide 7-25 (p = 3437 mm}. 


It can be seen from above examples that eem axis 
Jies in web. : 


Assume Dp X 


From Ex. 9-14 


total compression = 2755x, + 608790 
total tension = 0:87 x 415 x 3437 


— 1240929 N. 
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Equating 
d£. 2755x, + 608790 = 1240929 
k. = 229-45 mm 


Section is under-reinforced. 


Also 5 = = x 299-45 == 98:34 mm < Dy.......... (O.K.) 


Now 
M, = 0°36fck bux, (d — 0:42x,) + 0-446fz (by — bw) 


x Jr (d —) 


Jy = 0:15x, + 65 
= 0:15 x 229-45 + 65 
= 99:42 mm. 
M,, = 0:36 x 15 x 250 x 229-45 (500 — 0-42 x 229:45) 
x 10-6 + 0-446 x 15 (1650 — 250) x 99-42 
x (500 25) x 1075 
= 1925-02 + 419-3 
= 544.32 kNm > 540 kN m.s. sie oie $e eie vie si. (O.K.) 


Limiting moment of resistance: 
D, 100 


eso 9 


Using equation (9-17c) 
Muy limr = 0:36fçk bwXu» max (d — 0:42x,, max) + (by — bw) 


x D, x 0:446f (d — A 


= 0-36 x 15 x 250 x240 (500 — 0-42 x 240) x 1075 
+ 1400 x 100 x 0-446 x 15 (500 — 50) x 1079 
= 129-34 + 421:47 


— 550-81 kNm. 
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9-14, Introductory: The behaviour of a concretc 
beam in shear and design for shear using elastic theory was 
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discussed in chapter 3, where the limit state behaviour of^ — 


concrete in shear was used for design. In this chapter we 
shall design the beam in shear using limit state method. The 


procedure of design is similar to that using elastic theory, . 


though the shear strength of concrete, maximum shear stress 
etc, will be different. ES 


9.15. Nominal shear stress: The nominal shear 
stress T, in beams of uniform depth shall be obtained by 
_ the following equation: | 


where 
V, — factored shear force due to design loads 
b — breadth of the member, which for flanged sections 
shall be taken as the breadth of the web, bw 
d — effective depth. 


9-16. Design shear strength of concrete: The 
design shear strength of concrete shall be taken as follows: 


(a) Without shear. -reinforcement: The design shear 


strength of concrete in beams without shear reinforcement is 
given in table 9-6. | 


For solid slabs, the design shear strength for concrete 
shall be £ t; where k has the values given below: ; 
Overall 300 275 250 225 200 - 175 < 150 
depth of or : l or 
slab, mm more Jess 

k ` 100 1:05 1:10 1:15 1:20 1:25 1:30 

(b) With shear reinforcement: Under no circumstances, 
even with shear reinforcement shall the nominal shear 
stress in beams T, exceed T; max given in table 9-7. For 
solid ‘slabs, the nominal shear stress shall not exceed half the 
appropriate values given in table 9-7. 
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TABLE 9-6 
DESIGN SHEAR STRENGTH OF CONCRETE Te, N/mm? 


100 A; Concrete grade 
bd MI5 M20 M25 M30 | M35 M40 ~~ 
(1) (2) (3) (4) (5) (6) (7) 
0-25 0-35 0-36 0-36 0-37 0:37 0-38 
0-50 0-46 0-48 0-49 0-50 0:50 0:51 
0:75 0:54 0:56 0:57 0:59 0:59 0:60 
1:00 0:60 0:62 0-64 0-66 0-67 0-68 
1:25 0-64 0-67 0-70 0:71 0:73 0:74 
1:50 0:68 0:72 0-74 0-76 0-78 0-79 
1:75 0-71 0-75 0-78 0-80 0.82: 0-84 
2-00 0:71 0:79 0:82 0-84 0-86 0-88 
2-25 0:71 0-81 0-85 0-88 0-90 0-92 
2-50 0-71 0-82 0-88 0-91 0-93 0-95 
2-75 0-71 0-82 0-90 0-94 0-96 0-98 
3.00 0:71 0-82 0-92 0-96 0-99 1-01 


Note: The term 4; is the area of longitudinal tension reinforcement which 
continues at least one effective depth beyond the section being considered except 
at supports where the full arca of tension reinforcement may be used provided 
the detailing conforms code requirements. 


TABLE 9-7 

MAXIMUM SHEAR STRESS, T; max, N/mm? 
Concrete grade M15 M20° M25 M30 M35 M40 
Te max, N/mm* 2:5 2-8 3-1 3-5 3-7 4-0 


9-17. Design of shear reinforcement: When Ty 
exceeds Te given in table 9-6, shear reinforcement shall 
be provided in any of the following forms: 


(a) Vertical stirrups 

(b) Bent-up bars along with stirrups 

(c) Inclined stirrups. 

Where bent-up bars are provided, their contribution 
towards shear resistance shall not be more than half that of 
the total shear reinforcement. 


Shear reinforcement shall be provided to carry a shear 


` equal to V, — t; bd. The strength of shear reinforcement 


V,; shall be calculated as below: | 
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386 Reinforced Concrete PM 3X 
(a) For vertical stirrups: 


us — 
Sy 


(b) For inclined stirrups or a series of bars bent-up at 
different cross-sections: ae 


0-87f) Aw d 
Sy 


Vus = (sin + cosa)... nnn (9-235) 


(c) For single bar or single group of parallel bars, all 
bent-up at the same cross-section 


Vc nDBT. fy App Sing. - cerent (9-23c) 


where 
Ag = total cross-section area of stirrup legs or bent- 
up bars within a distance 5; | 
s, = spacing of the stirrups or bent-up bars along the 
length of the member 
Ty == nominal shear stress 
t, = design shear strength of the concrete 


b = breadth of the member which for flanged beams 
shall be taken as the breadth of the web 5, 


f. = characteristic strength of the stirrup or bent-up 
reinforcement which shall not be taken greater 
than 415 N/mm? 


« = angle between the inclined stirrup or. bent-up 
bar and the axis of the member, not less than 45* 


d = effective depth. 


Note 1: Where more than one type of shear reinforce- 
ment is used to reinforce the same portion of the beam, the 
total shear resistance shall be computed as the sum of the 
resistances for the various types separately. 


: Note 2: While designing the shear reinforcement, the 
practical considerations as discussed in art. 3-7 shall be 
observed. 
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Example 9-16. 


A simply supported tee beam 230 mm wide X 460 mm ejfective 
depth is reinforced with 5 no. 16 mm diameter bars as tension reinforce- 


^ ment. The beam is subjected to a factored shear of 52-5 kN at 


support. Check the shear stresses and design the shear reinforcement 
at subport. Assume that ends of reinforcement are not confined with 
compressive reaction. The materials are MIS grade concrete and 
mild steel reinforcement. 
Solution : 
At support 

Ve — 52-5 KN 

Ag = 5X201=1005 mm?, 6=:230 mm, d=460 mm. 
Nominal shear stress 

52:5 x10? 

= 980 x 460 
100 4, 100 x 1005 
" bd 230 x 460 
From table 9-6, T, = 0:588 N/mm?. 


Now, t; < t; therefore only nominal shear reinforce- 
ment is required. 


To = 0-496 N/mm*. 


== 0:95: 


Select 6 mm diameter M.S. bars for stirrups. 
Ay = 2 x 98 = 56 mm? for two-legged stirrups. 


For minimum stirrups 


56 x 250 
< 0-4 x 230 
< 152 mm. 
The spacing shall be lesser of 
(a) 0:75d = 0-75 x 460 = 345 mm 
(b) 450 mm | 
(c) 152 mm as calculated above. 


Provide 6 mm 4$ two-legged stirrups about 150 mm c/c. 
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Example 9-17. ' 
If the shear of above section is increased to 90 kN, check the 
shear stresses and find the spacing of 6 mm diameter stirrups at the 


support. 


Solution: 
V, = 90 kN 
b = 230 mm 
d = 460 mm 
90 x 10? 


Shear stress T, = 530 x 460 


= 0-85 N/mm? < 2:5 N/mm? where 2:5 N/mm? 


is the maximum permissible shear stress 
for M15 mix. 
Te = 0:588 N/mm? as calculated in Ex. 9-16. 


Now, Ty > Ta therefore shear reinforcement shall be 
designed. | 
Shear resistance of concrete 
t, bd = 0:588 x 230 x 460 x 1059 
— 62:2 kN. 
Shear to be resisted by stirrups 
Vus = 90 — 62:2 = 27-8 kN. 
Using 6 mm dia. two-legged stirrups 
- 0:87f, Asv d 
Vu; 
' 0-87 x 250 x 56 x 460 
F 27-8 x 103 
= 201-5 mm. š 
The spacing shall be lesser of 
(a) 0:75d = 0:75 x 460 = 345 mm 
(b) 450 mm 
(c) minimum shear reinforcement required 
ie. 152 mm as shown in Ex. 9-16. 
(d) required spacing = 201-5 mm. 
Provide 6 mm $ two-legged stirrups about 150 mm c/c. 
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Example 9-18. 


In Ex. 9-17, if 2 no. 16 mm diameter bars are bent up at 45° 
and shear is increased to 120 kN, find the spacing of 6 mm 
diameter stirrups at support. 


Solution: 
9 bars bent up Ay = 2 x 201 = 402 mm’. 
Shear resistance = 402 x 0-87 x 250 xsin 45° x 107? 


= 61-82 KN. 
For the remaining 3 bars 
100 A; _ 100 x 603 
bd 230 x 460 
Te = 0:482 N/mm*?. 
Shear resistance of concrete 
x,bd = 0-482 x 230 x 460 x 1073 = 51 KN. 
Shear resistance to be provided by shear reinforcement 
Vus = 120 —51 = 69 kN. 
Bent bars provide 50% = 34-5 kN< 61-82 kN...... (O.K.) 
Stirrups provide 50% = 34-5 kN. 
Using 6 mm $ two-legged stirrups 
€ 56 x 0:87 x 250 x 460 
34-5 x 10? 
— 162-4 mm. 
The spacing shall be lesser of 
(a) 0:75d = 0:75 x 460 = 345 mm 
(b) 450 mm 
(c) 152 mm (minimum shear reinforcement) 
(d) 162-4 mm (required). 
Provide 6 mm $ two-legged stirrups about 150 mm c/c. 


= 0:57 


Note: Compare examples 9-16, 9-17 and 9-18 with examples 3-1, 3-2 and 
3-3. Also observe the comments made in examples 3-1, 3-2 and 3-3. 
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BOND AND DEVELOPMENT LENGTH 


<r DW - 


9-18. Development of stress in reinforcement: 
IS :456 states, “The calculated tension or compression in 
any bar at any section shall be developed on each side of 
the section by an appropriate development length or end 
anchorage or by a combination thereof". 


Sufficient discussion on development length of bar is 
given in chapter 3, based on working stress method. In 
limit state method, the design bond stress will be different and 
the comments made in chapter 3 arc applicable in limit state 
method also. 


The development length. La is given by 


where _ 
b = nominal diameter of the bar 


c, = stress in bar at the section considered at design 
load 


Td = design bond stress as given below. 


Note 1: The development length includes anchorage 
values of hooks in tension reinforcement. 


- Note 2: For the bars of sections other than circular, 
the development length should be suficient to develop the 
stress in the bar by bond. 


Design bond stress in limit state method for plain bars 


in tension shall be as below: : 
Grade of 
concrete ` M15 .M20 M25 M30 M35 M40 


Design bond : S 
stress, Tq, N/mm? 1:0 12 14 15 17 1-9 
For deformed bars confirming to IS : 1786-1979 or 
IS : 1139-1966, these values shall be increased by 60 per cent. 


For bars in compression, the values of bond stress for 
bars in tension shall be increased by 25 per cent. 
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Example 9-19. 
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Calculate the anchorage length in tension and compression for 
a single mild steel bar of diameter & in concrete grade of MIS. 


Solution: 
(1) ‘Tension: 
Design stress for M.S. o, = 0:87f 
i = 0-87 x 250 
= 217.5 N/mm? 
| ta = 1:0 N/mm?. 
Anchorage length = development length 
p x 0:87 fy 
~~ Apa 
b x 217:5 
= aS 


(2) Compression: 
Design stress for M.S. o, = 0-87f, = 917-5 N/mm? 
Tq = 1:0 x 1-25 (for compression) 
= 1:25 N/mm? 
Q x 217:5 
4 x 1:25 
=: 43:5 9. 


Development length for different types of bars in different 
grades of concrete is tabulated in table 9-8. 


La = 


TABLE 9-8 
DEVELOPMENT LENGTH FOR. SINGLE BARS 


Jy Tension bars Compression bars 
N/mm? M15 M20 M15 M20 
ME EEE Se ee A t == 
250 55 ¢ . 464 44 ç 37 $ 
415 56 $ 47 $ 45 $ 38 ¢ 
500 69 ¢ 58 $ 54 ¢ 46 é 
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DEFLECTION AND CRACKING 


9-19. General: In chapter 4, deflection and cracking 
of reinforced concrete member has been discussed. In limit 
state theory also, these criteria remain unchanged. Thus, 
while designing a beam or slab using limit state method, 
the rules discussed in chapter 4 shall be observed. The, 
calculations of deflection and crack width is outside the scope 
of this book and specialist literature may be referred. 


| TORSION 
9-20. Code provisions: 


General: According to IS :456, using limit state method, the 
design for torsion shal] be made as follows: 


In general, where the torsional resistance or stiffness 
of members has not been taken into account in the analysis 
of.structure, no specific calculations for torsion will be neces- 
sary. Adequate control of any torsional cracking being 
provided by the required nominal shear reinforcement. 
Where the torsional resistance or stiffness of members is taken 


into account in the analysis, the members shall be designe 
for torsion. 


The approach to design for torsion is as follows: 


Torsional reinforcement is not calculated separately 
from that required for bending and shear. Instead the total 
longitudinal reinforcement is determined for a fictitious 
bending moment which is a function of actual bending 
moment and torsion. Similarly web reinforcement is 


determined for a fictitious shear which is a function of 
actual shea: and torsion. 


The following design rules shall apply to beams of solid 
rectangular cross-section. However, these may also be applied 
to flanged beams by substituting b, for b in which case they 


are generally conservative; therefore specialist literature may 
be referred. 


For design of torsion, sections located less than a distance 

d, from the face of the support may be designed for the same 

DA as computed at a distance d, where d is the effective 
epth. 
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Design rules: The design rules for torsion as indicatde 
above are based on equivalent shear and equivalent moment 
and are explained below: 


(a) Shear and torsion: 


Equivalent shear: Equivalent shear, V, shall be calculated 
from the formula: 


V, = V, 4- 1-6 E e del c P MM (9-25) 
where 
V, = equivalent shear 
V, = shear 


T, = torsional moment 
b = breadth of beam. 


The equivalent nominal shear stress Tre is given by 


EDO Er ur perm Roon (9-26) 


The equivalent nominal shear stress Ty. shall not exceed 
the values of t; max aS given in table 9-7. 


If the equivalent nominal shear stress, Tv does not exceed 


Ta given in table 9-6, minimum shear reinforcement shall be 


provided as explained in art. 3-7. However, if Ty, exceeds 
t, given in table 9-6, both longitudinal and transverse 
reinforcement shall be provided as explained below. 


(6) Longitudinal reinforcement : 


The longitudinal reinforcement shall be designed to 
resist an equivalent bending moment, M, given by 


Ma = M, + Mi 
where 

M, = bending moment at the cross-secticn 

. D 
and M = Ti (Mu ) SAR Ass cue ences ho, (9-27) 
where 


T,, = torsional moment 
D = overall depth of the beam 
b = breadth of the beam. 
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If the numerical value of M, as defined above exceeds the - 


numerical value of the moment Mu, longitudinal reinforce- 
ment shall be provided on the flexural compression face, such 
that M. = M; — My, the moment M,, being taken as 
acting in the opposite sense to the moment Myu 

(c) Transverse reinforcement : 


Two-legged closed hoops enclosing the corner longitudi- 
nal bars shall have an area of cross-section As, given by 


T, Sy V, Sp 

du = jd (0875) EE 2-5d, (0-876) AA OR ETOILE XS (9-28) 
But the total transverse reinforcement shall not be less than 

(Te — Te) bs; 
0-87/, 

where 

T, = torsional moment 

V, — shear force 

Sy = spacing of the stirrup reinforcement 


b, — centre to centre distance between corner bars 
in the direction of the width 


d, = centre to centre distance between corner bars 
in the direction of the depth 


b = breadth of the member 

fy = characteristic strength of the stirrup reinforcement 

Tre = equivalent shear stress as calculated with equation 

9-26 

Te = shear strength of the concrete as per table 9-6. 
(d) Distribution of torsion reinforcement: 

When a member is designed for torsion, torsion reinforce- 
ment shall be provided as below: 


(1) The transverse reinforcement for torsion shall be 
rectangular closed stirrups placed perpendicular to the axis 
of the member. The spacing of stirrups shall not exceed the 


X 
least of x, HI. and 300 mm, where x, and J, are 
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respectively the short and long dimensions of the stirrup. 
Refer fig. 9-12. | | 


Details of torsion. reinforcement 
Fic. 9-12 


(2) Longitudinal reinforcement shall be placed as close 
as practicable to the corners of the cross-section and in all 
cases, there shall be at least one longitudinal bar in each corner 
of the ties. When the cross-sectional dimension of the member 
exceeds 450 mm, additional longitudinal bars shall be provided 
along the two faces. The total area of such reinforcement 
shall be not less than 0-1 per cent of the web arca and shall be 
distributed equally on two faces at a spacing not exceeding 
300 mm or web thickness whichever is less. ' 


Example 9-20. 


A rectangular beam of size 230 mm wide X 600 mm. overall 
depth is subjected to a factored sagging bending moment of 48 kNm; 
factored shear force of 48 kN and a factored torsional moment of 18 
kNm. Design the reinforcement at the section. The materials are 
M15 grade concrete and mild steel reinforcement. 


Solution: 
M, == 48 kNm 
V, = 48 kN 
T, = 18 kNm 
b = 230 mm 
d = 600 mm 
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Assuming 25 mm cover and 20 mm diameter bars in one 
layer, d = 600 — 25 — 10 = 565 mm. 


T, 
Equivalent shear V, = V, + 1:6 = | 
18 
= 48 + 125:2 
= 173:2 kN. 


Equivalent shear stress 
V, 1732 x 10? T 
Tue = m. = 7930 x 565 = 1:33 N/mm?. 
For M15 mix from table 9-7 
Te max = 2:5 N/mm? 
T RU ET TERCER ENT ETIT IE (O.K.) 
Assuming tension reinforcement = 0:5% 
Te = 0:46 N/mm? < Ty. 
Thus, design of torsion is necessary. 
Longitudinal reinforcements: 
Equivalent bending moment 
Ma = M, + Mi 
l + D/b 
= M, + T, CT) 
1+ 60/23, 
1:7 


= 48 + 18 ( 


= 48 + 38:2 
= 86:2 kNm. ! 
Since M, > Mi, no reversal of moment is considered and 
therefore steel on compression side is not required. 
Now 
Ma = 86:2 kNm 
86-2 x 105 
2:22 x 230 
410 mm < 565500, oer oreicu se rs (O.K.) 
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To find steel área 


x Ma 
(iy) ue -h- As 


= 50 
A Ho NARI Seas 
M, 862x109 | 
bd? 230 x 565 x 565 
= 1:17 
1-Vi = P x 1:17 
— 50 15 
Pi 250]15 
=: 0-6 
0-6 
A; = 100 x 230 x 565 
= 780 mm?. 


Provide 4 no. 16 mm diameter bars — 804 mm?. 
At top provide 2 no. 12 mm diameter anchor bars. 


As the depth of beam is more than 450 mm, side 
reinforcement has to be provided. 
Minimum area on each face 
l 0-1 
TTE ee Sa 
= 69 mm*. 
However, use 1-12 $ on each face at centre of web. 


0 
Spacing of bars = ee = 265 mm. 


Spacing shall not exceed 


(1) 300 mm 
(2) web thickness = 230 mm. 


Second criteria is not satisfied. Therefore, provide 4-12 $ 
side face reinforcement as shown in fig. 9-13. 


Now spacing — = = 176:6 mm < 230 mm...... (O.K.) 
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Transverse reinforcements: 
Assuming 10 mm 4$ two-legged stirrups 
Ag = 2 x 78:5 = 157 mm*. 
T So Vis So 
Aw = FAB) ' 254(0:875) 
Substituting, referring fig. 9-13 
18 x 10° s, 48 x 10? ç, 
157 = 68 x 534 x 087 X 280 | 2:5x584x0-87 x 250 


= (0-922 + 0-165) s, 


= 1:087 s, 
Sy = 144:4 mm..................... ............ (1) 
(Toe — Te) 5.5y 
Also Ag < 087, 
K—230 4 20ó 
| — 
560 De 
| i que 
| 10 @ @ 140 c/c 
(gies US 
1190% 

Fic. 9-13 


A, = Ay = 804 mm? 
1004, _ 100 x 804 
bd 930 x 565 


= 0:62 | 
Te = 0:5 N/mm?. 
Substituting 
ir ge E98 — 0:62) X 2305, 


0:87 x 250 
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which gives 5, « 2090 mm. sinss vss nt e ONES (2) 
Now spacing should not exceed 
` (a) x, = 190 mm 
| a +y, 190 + 560 


(b) = 5 4 
== 187-5 mm 
(c) 300 mm. 
ie. Sy P 187.5 mm........................... ibn (3) 


From (1), (2) and (3), provide 10 mm $ two-legged 
stirrups about 140 mm c/c. The designed section is shown 
in fig. 9-13. 


Note: Compare this example with Ex. 4-3. 


AXIALLY LOADED COLUMNS 


9.21. Assumptions: In addition to the assumptions 
given in art. 9-5 for flexure, the following shall be assumed: 


(1) The maximum compressive strain in concrete in 
axial compression is taken as 0-002. 


(2) The maximum compressive strain at the highly 
compressed extreme fibre in concrete subjected to axial 
compression and bending and when there is no tension on 
the section shall be 0:0035 minus 0-75 times the strain at the 
least compressed. extreme fibre. 


9-29. Minimum eccentricity: All the members in 
compression shall be designed for the minimum eccentricity 
equal to the unsupported length of column/500 plus lateral 
dimension/30, subject to a minimum of 20 mm. Where the 
calculated eccentricity is larger, the minimum eccentricity 
should be ignored. - 


9-23. Short axially loaded columns: Axially loaded 
short columns shall be designed considering the above 
assumptions and minimum eccentricity. When the mini- 
mum eccentricity does not exceed 0:05 times the lateral 
dimension, the members may be designed by the following 
equation: | 
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fete = 0-4 fcx . A, + 0-67f, Ase canes D ee see ee ee eee @, = (9-29) . 
where | 

P, = axial load on the member | 

fa = Characteristic compressive strength of the concrete 

A, — area of concrete 

fy = characteristic strength of the compression reinfor- 

cement 
Ase = area of longitudinal reinforcement for columns. 
In the design of columns subjected to axial load and 


moment, IS : 456 gives a formula for the capacity of scction 
for pure axial load P,; in clause 38.6 of IS: 456 


where ` ; 
P = 0:45 fcK . A, + 0-75f; Asc » e» 929 eee eee eee 5... (9-30) 


'The comparison of equations 9-29 and 9-30 shows that 
equation 9-29 is simplified for the eccentric load with 
eccentricity less than 0-05 times the lateral dimension by 
reducing the load carrying capacity of column by about 10%. 


Example 9-21. 


A short column 230 mm X 230 mm is reinforced with 4 no. 
16 mm diameter bars. Find the ultimate load carrying capacity of 
the column, if the minimum eccentricity is less than 0-05 times the 
lateral dimension. The materials are M15 grade concrete and tor 
steel reinforcement of grade Fe 415. 


Solution : 
A, = 4 x 201 = 804 mm? 
A, = 230 x 230 — 804 = 52096 mm? 
P, = O-4f ex . A, -- 0-67f, Asc 
= 0-4 x 15x 52096 x 10-3 + 0-67 x 415 x 804x 107? 
= 312-58 + 223-55 
= 536-13 kN. 
Example 9-22. 


A 230 mm X 350 mm size column has to carry a factored load 
of 1000 kN. The column is short and the minimum eccentricity 
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is less than “0:05 times the lateral dimension. Design the 
reinforcement. The materials are M20 grade concrete and tor steel 
reinforcement of grade Fe 415. 
Solution : 

A, = 230 x 350 — Asc 

= 80500 — Asc- 
Pa = 0-4f, Ac + 0:67f, Ase 
1000 x 103 = 0-4 x 20(80500 — Asc) + 0:67 x 4154s. 
= 644000 — 8A,, + 278-0545, 
which gives 
270-05 Asc = 356000 

ce Ase = 1318-2 mms. 
Provide 4-20 @ +2-16 p = 1658 mmt. 

Ties: Diameter shall not be- less than 20/4 = 5. 
Use 6 mm $ M.S. ties. 


Spacing should not exceed 
(1) least lateral dimension = 230 mm 
(2) 16 x 16 = 256 mm 
(3) 48x 6 = 288 mm. 
Use 6 mm $ M.S. ties about 230 mm c/c. 


EXAMPLES IX 


Note: In data of the following examples, all values of moment shear etc. 
are factored one. Solve all the examples using limit state method. 


(1) A rectangular beam 200 mm wide and 450 mm effective 
depth is reinforced with 3 no. 16 mm diameter bars. Find 
out the depth of neutral axis and specify the type of beam: 
The materials are M15 grade concrete and tor steel reinforce- 
ment of grade Fe 415. Also find out the depth of neutral 
axis if the reinforcement is increased to 4 no. 16 mm 
diameter bars. 
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(2) 


(3) 


(4) 


(5) 


(6) ` 


(7) 


`- 


Reinforced Concrete S [ Ch. IX "acd 


A singly reinforced rectangular beam 230 min wide x 450 mm 
effective depth is reinforced with 3 no. 25 mm diameter 
bars. Find out the ultimate moment of resistance of the 
section. The materials are M15 grade concrete and mild 
steel reinforcement. Also find out the moment of resist- 
ance if the materials are M15 grade concrete and tor steel 
reinforcement of grade Fe 415. 


A singly reinforced rectangular beam is subjected to a 
factored bending moment of 75 kNm. Design the beam 
for flexure. The materials are M15 grade concrete and 
mild steel reinforcement. With the same size of beam, 
design for flexure if the tor steel reinforcement of grade 
Fe 415 is used. 


Find the moment of resistance of a beam section 230 mm 
wide x 500 mm effective depth reinforced with 2 no. 20 mm 
diameter bars as compression reinforcement at an effective 
cover of 40 mm and 4 no. 25 mm diameter bars as tension 
reinforcement. The materials are M15 grade concrete 
and mild steel reinforcement. Also find out the moment 
of resistance of the section if the tor steel reinforcement of 
grade Fe 415 is used. 


A rectangular beam of size 230 mm wide x 565 mm 
effective depth is subjected to a factored moment of 215 
kNm. Find the reinforcement for flexure. The materials 
are M15 grade concrete and mild steel. Also find out the 
reinforcement for flexure, if the tor steel reinforcement of 
grade Fe 415 is used. Compare the economy for designed 
sections. 


A tee beam of effective flange width of 1800 mm, thickness 
of slab 120 mm, width of rib 230 mm and effective depth 
of 500 mm is reinforced with 4 no. 25 mm diameter bars. 
Calculate the ultimate moment of resistance. The materials 
are M15 grade concrete and tor steel reinforcement of 
grade Fe 415. 


Find out the ultimate momént of resistance for a section 
of Ex. (6), if the reinforcement is increased to (i) 5 no. 
25'mm diameter bars (ii) 6 no. 25 mm diameter bars. 
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(8) A tee beam of effective flange width of 1800 mm, thick- 

| ness of slab 120 mm, width of rib 230 mm and effective 
depth of 500 mm is subjected to a factored moment of 450 
kNm. Design the reinforcement for flexure. The materials 
are M15 grade concrete and tor steel reinforcement of 
grade Fe 415. Also design the reinforcement for flexure 
if the moment is increased to 500 kNm. Find out the 
limiting value of moment of resistance of beam. 


(9) A simply supported rectangular beam 230 mm wide x 500 
mm effective depth is reinforced with 4 no. 20 mm diameter 
bars as tension reinforcement. The beam is subjected to a 
factored shear of 135 kN at support. Design the shear 
reinforcement at support. Assume that ends of reinforce- 
ment are not confined with compressive reaction. 
The materials are M15 grade concrete and mild steel 
reinforcement. 


(10) A cantilever beam of 1-35 m span requires 2360 mm? area 
to carry the negative moment. If 4 no. 28 mm dia. bars 
are used as reinforcement, (a) is sufficient anchoragement 
available in the cantilever to anchor the bars properly? 
(b) if the bars are not properly anchored, determine the 
largest size bar that can be used as reinforcement. Thc 
materials are M15 grade concrete and tor steel reinforce- 
ment of grade Fe 415. 


(11) A rectangular beam of size 300 mm wide x 600 mm 
effective depth is subjected to a factored hogging moment . 
of 50 kNm, factored shear force of 50 kN and a factored 
torsional moment of 22 kNm. Design the reinforcement 
at the section. "The materials are M15 grade concrete and 
tor steel reinforcement of grade Fe 415. 


(12) A short column of size 230 mm x 300 mm is reinforced 
with 6 no. 16 mm diameter bars. Determine the safe 
factored load on column. The materials are M15 grade 
concrete and mild steel reinforcement. 


. (13) A short column of size 300 mm x 300 mm has to carry 
an axial load of 975 KN. Design the column using M15 
grade concrete and tor steel reinforcement of grade Fe 415. 


(14) Design a short circular column to carrya load of 1200 KN. 
"The materials are grade M20 concrete and mild steel 
reinforcement. 
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A-l. General: The formwork shall be designed and 


constructed to the shapes, lines and dimensions shown on the: 


drawings within the tolerances given below: 
(a) Deviation from specified dimensions — 6 mm 
of cross-section of columns and beams + 12 mm 


(b) Deviation from dimensions of footings 
(see note): 


(l) Dimensions in plan — 12 mm 
+50 mm 
(2) Eccentricity 0-02 times the width of 


the footing in the direction 
of deviation but not more 
than 50 mm 

(3) Thickness + 0:05 times the specified 
thickness 


Note: Tolerances apply to concrete dimensions only, 
not to positioning of vertical reinforcing steel or dowels. 


A-2. Cleaning and Treatment of Forms: All 
rubbish, particularly chippings, shavings and sawdust, shall 
be removed from the interior of the forms before the concrete 
is placed and the formwork in contact with the concrete shall 
be cleaned and thoroughly wetted or treated with an approved 
composition. Care shall be taken that such approved 
composition is kept out of contact with the reinforcement. 


A-3. Stripping time: Forms shall noi be struck 
until the concrete has reached a strength at least twice the 
stress to which the concrete may be subjected at the time 
of removal of formwork. The strength referred to shall be 
that of concrete using the same cement and aggregates, with 
the same proportions and cured under conditions of tempera- 
ture and moisture similar to those existing on the work. 
Where possible, the formwork shall be left longer as it would 
assist the curing. 
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ole. 1:. In normal circumstances and where ordinary 
Portland cement is used, forms may generally be removed 
--after the expiry of the following periods: 


(a) Walls, columns and 24 to 48 hours as 
vertical faces of all may be decided by 
structural members the engineer-in-charge 

(b) Slabs (props left under) 3 days 

(c) Beam soffits (props left under) 7 days 

(d) Removal of props under slabs: 

(1) Spanning upto 4-5 m 7 days 
(2) Spanning over 45 m 14 days 


(e) Removal of props under beams 
and arches: 


(1) Spanning upto 6 m 14 days 
(2) Spanning over 6 m 21 days 


For other cements, the stripping time recommended 
for ordinary Portland cement may be suitably modified. 


Note 2: The number of props left under, their sizes 
and disposition shall be such as to be able to safely carry 
the full dead load of the slab, beam or arch as the case may » 
be together with any live load likely to occur. during curing 
or further construction. 

Where the shape of the element is such that the formwork 
has re-entrant angles, the formwork shall be removed as 
soon as possible after the concrete has set, to avoid shrinkage 
cracking occurring due to the restraint imposed. 
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APPENDIX B 


Useful Tables 


PAR AAPA Pp LA ALAA AAI IEF IA AAA PRL LOLI 


TABLE 1 
PROPERTIES OF ROUND BARS USED AS REINFORCEMENT 


eee 


‘Size Area Perimeter Mass per Remark 
metre 
mm? mm kg 
_ EE A —.-mP  S"" d%- Üsu@v 

5 20 15:7 0:157 

6 28-2 18-8 0-222 

8 50 25:1 0:395 

10 78:5 31:4 0:617 Unit mass 
12 113 37-7 . 0-888 of steel — 
14 154 44 1-208 7850 kg/m? 
I6 201 50:3 1:578 
18 254 — 56-5 2-000 
20 - = -914- 62-8 2-466 
22 380 69:1 2-980 
25 491 78:5 3:854 
28 616 88 4-830 
32 804 100-5 6:313 
36 1018 113 7-990 
40 1257 125:7 9:864 

a ee REN UNE T. 
j 9 
! ^f) T 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


407 


Appendix B 


ae SS === 


qiedjooy orqnd əy; xopun Suroofoid sjuauroseq 1940 s1U3IT 
juougAed pue sjooi (son'e1qr pue s3:o1s xyooq jo s1004 ‘spoT 
qySiam-Aavoy 10) Á1082jv2 Jejus JO sSurppmq jo syed 10 


SUOOTI NO SAVOT HATI 


6 TISV.L 


— 00001] sSurp[mq 319440 pue s2120329j *sdousx10A ‘səsnoyərem JO soog — 00001 
SPLOT 
1qgio--umrpour 10; Á10823e2 ie[rurs JO sšurp[mq jo syed 10 
-— 00€ sSurp[mq 19470 pue s2110329j ‘sdoysyIOM *sosnoq91eA JO s100[ T — 006/ 
"939 ‘seg Zunre« ‘seq 92uep 
ayoq Ur surooi orqnd Sunvos poxy mMoyym A[qurəsse jo 
səejd jo sioop ísosodund Juny pue 2371035 10j s100j 92UJO 
‘spror 14319m 44317 105 10353&2 re[rurrs jo sSurp[mq jo sj1ed 10 
uvoq əy} JO unSuo[ 000S sšurp[mq Aoq10 pu? s3110329j *sdousx10A 'sosnoq9IeA JO SIOOTT 000S 
o1nuo oq) 10 youd quis əy} JO toJ* quowdmbe 10 3ue[d Aq pərdnəs0 jou 319M 
ouo oqy uo painqinsip Apunojium (939 ‘suoneys Imod ‘sjey ÁJourpoeur ur o3eds Uorje[noJr 
pəoumsse oq qpeqs peor [8103 SHL fgueJneis9i 'Sunvos poxy WM A[qUiosse JO sooe[d 10 sco 
i Fa tsIOOU9s UI SUIOOJ-SSe[9 JO S100] fA[[€19U98 SUJOOJ31OA JO SOO 
~--~ meq uaar Ave 000F f9sipueqoJour Jo opes pue Áe[dsrp 9g} 10j posn s1oog dous 000r 
. 10}. gms ut enh sium Red 
ug poured qes uag ÁuE i1 
WOO Ul Ses sour) eod 000€ Surpeoi pue ‘sey oouenuo oogjo ‘seg Sup[ueq jo s1ooLI — 0006 
prop [yoa wumnunuru v oj 3jo»ofqng | sul00J410A 
0007-0066» YS jo sroog ‘speq 2ouenuə uvq) ypo s100H HHO 00 
\ ; sor10jruliop pue ‘s[a}soy ur sureor SUNS ojeAud pue 
0007 stuooz poq *spJeA [e3rdso *sjuouruo) *sosnoq Su!ll9Ap urs1oo]d — 0006€ 
_— 2 a C eS — n a 
(#) (g) (2) (D 
valve Joop JO BES 
E ur Speo 
peo] oam tinum: DATIVUIO]Y ae ee zt ms Sues] 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


Reinforced Concrete 


408 


*Suroe[ 91e suorstAord yons 3194 uoyei 9q pmoys zur/N (J00F 


jo mea 1oq9tq əy} pue poprAoud oie sonis 28v10js 9j€redos oroq« UIJL} oq p[nous zur/N: Q0GZ JO 9n[eA 19^0[ YL» 


© — 
—— 


sdojs i19A2[HnU?O 
juopuodopur ¿“rgmjonmns jo mo 


po1onujsuoo surejs 10} dojs ƏVƏ Jo puo. 


poj1oddnsun o 1€ pro] pojexju22uo2 
N O06[ JO umuururur e oj joofqng 


o1enbs wid G/ 1940 pojnqujstp 9q 03 
PƏ:əpisuo5 N 0006 UY} sso] 70u 3nq 
peo] I9Əum umnurmxeur soumn Jey 
*-pur-2uO jo uuum € 0j 3osfqng 


19j92918 SI JOADWIIGM *'spto| PPIM 
]gnjoe jo UOTeUIqUIOD j&10A 3U3 JO 


19j1€2418 SI IAIM *speo[ [224 
jenjow Jo uome?urquio2 310^ 9y} 10 


000S 
000€ 
000€ 


000€ 


0006 


00SZ 


0066 


000F 


—————— M a —— M ——————— ——— 


Surp^o121940 0] 9[q*I[ soruoojeg 
sosse[D I9YIO [Je JO 


Surpeo[ 000Z SSE Jo, 
:SUIDAOISISAO 0j 9[qei 30u soruoo[peg ÁAuoopeg 


sosse[o J940 je 10] pue ‘BUIPMOIDIZAO 01 
o[qer[ mq Surpeo[ 0007 SSE[2 10} sioprroo pue sgurpuej *sxrejs 


SUIpMOJOI9AO 0} 9[Q*I![ 
JOU mq Supro; 0007 Sse[2 10; sioprrrto5 pue sSurpue| ‘svg —— SIIEJS 


1qgi24  XAvƏq 
$s013 NJ 0p Surpoooxo JOU so9[orq2A 10; soSe1es 107 posn saoo) “o38urz> 


survog 
sqv[S 


num 343r 
SsO18 NJ GZ Surpoooxo jou so[orqoA 10} sadvxeS soz pəsn sioO0[q ‘osBres 


(pənunuop) z ATAV.L 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


409 


Appendix B 


Tab. 2] 


*spooS pur omjmunj oq; Surjjodsuvi) 10j pəsn 91e put sətputednəo35o JEI9AIS 
2A19s UDO oso) jet) 32vj 94} 10j Əptao4d ‘sZurpury puv soruoopeq ‘SIOPAO fsirjs J0j Uorjeogisse[o PEO] YL 


s "Sutpeo[ Tenjou 
gi uo poseq “oq peys USIsop 94} ‘ssooxo ur Sre Ady} 919qA sasvo ut fÍ;ur/N| 0G00I JO ss2oxo urjou ore Aou Jey 
5imsua 0} SPLOT [en əy} ssossv 07 "spto[ jugio« Aavay JO 9s€2 yI U! Ajre[norj1ed 3uejuoduut. 1242401 ‘st JI 
*pousisop sr 1oop i 3uvAo[p1 OY} YM 10g pvo DAI] IYI uei Joqio saA[osuroq) ur Surueour [ersods ou savy suum 
əy mq suSisop [eorurouo29 210U: 10) mope Oj Jopio ur poonpodjur ore AavoY, pue umrpour, € 14317, SUID} 
əy} Japun supro; 99143 Os put A[QvJopIsuOD SƏVA $9110]2?j PUL səmoyəIem ‘sdoysyiOM ur Surpeo[ IJL 


*poro21uoo Á[oso[o 91079190 ‘st ‘osvo sty} ur pvo Apy umwrxew ət T, *o[qeqo1dur 
st sosodund 3oqjo 10; ooeds əy} JO Əsn_ og) pue Surnvos oq) jo [pAoU0I JY} 72y sordu SUES pox, 


“UDATIP 3[9q Suq səurqozur enprArpur oy} qim ‘yrun UdATzp-Jomod [euo v qr pojerdo 
səurqəoeur jo uoncv[ejsur Oy saSvstaua Á][e1ouo8 sWooIJIom, OJ 390919731 I} “000p “ON sse[9 Surpeo[ 19puf) 
'S100ur jews Aq 10 puey Aq Joyo ‘payviodo Ápuəpuədəpur oiv soumqpoeur 343 ‘sı ey} tun uoAnp-j2«od 
enua v j nou, pəje:odo oie (sio[rej 10 srəutur Aq pəs soumpoeur Zurmos *op[durexo 107) souryouul 
jugi[ otros YOIYM Ur sWOOT soSesrAuo SUIOOIZIOM ju8i, OJ 9oU93:9JI ou) ‘90¢z “ON sse Surpeo[ IPUN 


"SqH pue sureoq 19410 Je sucəur sUIvIq, o) 99U9129JƏ9:I 
v pue ‘sagua uəə,Aqəoq əonəur ouo uey} yede yny jou pooeds sq 10 suroq pue Surpyeoq səpniour ,sqe[s, 
01 22U319Jo1 v pue 500p Vey} JO yed Áuv oj 92u239Jo1 V sopn[Sur OOH, v 0j 99U29J91 € ə[qu) 9AOQU OY) UI 


(penunuop) g ILL 


G AN 


6 NN 


I NON 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


Reinforced Concrete 


410 


*paroprsuoo Ápojeridou1ddv 
oq peys speo[ uons Jo sjo3g* 
oy} pue 939 “uonoə[[o5 snp 
fure ‘mous 0} 9nD sprog əpn[o°ut 
= you op (q) pue (e) ur speoT (o) 


(e) ur peor jo g/g — 219 
‘siopm3 'sureaq 'sossni) se wons 
‘umd joor pue 2oueiquiour 
jooi oq; Sunsoddns s:əqusəur 10,5 (q) 


s201329p QI 1940 odo[s 
UI OseoIOUI 223159p  Á1949 0j 
sC |N Oz ssə[ ;U1/N. 064 — sunmd $39189p QI 
QU/N OOP jo umururur v o} joofqng Jo səs "9ueiquiour joor JO, (v) uem, 1912213 edo[s yım joox Surdo|s (rr 


*sureoq JO oseo 943 ur ueds ou 


1940 poynquusip ÁA[uuogun N 00S PUE 
qes iS a Roan eh 91j9ur 9uO Jo ueds z Əouvuəurgur 
Aue 19A0 pajnquisip ¿/rusojtun N 006I ;U/N OSL 10} 3dooxo ‘popraoid you ss999V (q) 


sureoq Je JO ƏsveO əy} UI uvds 94} 1340 
pamnquysip Áq[uuojrun N 0006 PUY qe[s 
joox oq JO pp™ Ənəur əuo jo uvds | 
Aue 1940 pəmnqrnsrp ÁATudojytun N 06/6 s4/N 00SI popraoid ssəo9V (w) 
: :səər3əp 0] Surpn[our pue ojdn sodo[s 
q^ joor pomo i0 Surdopjs Sepp (D 
BENNETT M 
Gs) (£) (2) (D 
uud uo pəmsvəur peo ƏA![ mwN uvjd uo pəmseou peo[ oArT joo: jo od], ‘ON "Ig 
— € ———— M ——————ÁÁÉáÉ ÁÓ——— ACC CD CE C 


SiOOU NO SQVO'I HATI 
£ JISV.IL 


— 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


- © 
=> dec 
ü Š 
x 

c 

© 

© 

> 

o 

I 

o 

c 

© 

(©) 

° 

w 

= 

© 

a= 

o 

" 5 
E > 
: : 
3 *10J poprAOoud aq [gus 91njsrour jo uondaosqg 0; onp 34319m ur Zulseoioul [eI19jeUl Jool JO N 
m ÁouoSunuoo ət ([grijy?ur juaquosqe put o[qeouusd Ayy WIM sjooijo sodA} peds 104 : 40N 5 
eee 

*pəAmo Á[qnop Jt ‘sopis om4 6 

JO 10310qs pu? pəamə Á]gurs z 

sur|N 00b JO tunuurumu v o1 49ə[qnS j Jr Joox əy} Jo pim poy = 7 = 

pue {Sursurids s}t wor por 2 

-nseaul 21njonzjs IY} jo 3utod = 

soy oq; Jo 3430 om = y 2 

= 

a g 

y iS 

919^ s39189p QO Uy} 19}¥II19 2 

su/N (¿Àk 0SFS — 0S2) SurSunds ye odo[s pm sjoor poamp (HD © 

ptu O 
Cae AS (pənunuoD) £ "TISYL © 


412 Reinforced Concrete een [Appx. B. 


« | ABLE 4 
AREAS OF BARS IN SLABS (in mm?/m) 


—-———“Ns———— | tn 


Spacing Bar diameter in millimetres 
OLEO l Ei rN 
mm 6 t 28 10 12 14 16 18 20 


50 565 1005 1571 2262 3079 4021 5089 6283 
60 471 838 1309 1885 2566 3351 4241 5236 
70 404 718 1122 1616 2199 2872 3635 4448 
80 353 628 982 1414 1924 2513 3181 3927 
90 314 558 873 1257 1710- 2234 2827 3491 


100 283 503 785 1131 1539 2011 2545 3142 
110 257 457 714 1028 1399 1828 2313 2856 
120 236 419 654 942 1283 1675 211 2618 
130 217 387 604 870 1184 1547 1957 2417 
140 20 359 561 808 1100 1436 1818 2244 


150 188 335 524 754. 1026 1340 1696 2094 
, 160 177 314 491 707 962 1257 1590 1963 
170 166 296 462' 665. 905 1183 1497 1848 
180 157 279 436 628 ~ 855 1117 1444 1745 
190 — 149 265 413 595 810 1058 1339 . 1653 


200 141 251 393 565 770 1005 1272 1571 ` 
210 135 239 974 -539° 733 957 1212 1496 
220 128 228 357 514- 700 914 1157 1428 
230 123 218 341 492° . 669 874- -1106 1366 : 
240 1⁄8 209 327 A71- (641° “898. 1060 ‘1309 . 


250 113 901 314 452. 616 9804 1018 ~- 1257 


260 109 193 302 435 592 773 979 1208 
270 105 186 291 419 570 745 942 1164 
280 101 179 280 404  - 550 718 909 1122 
290 97 173 271 390. 531 693 877 1083 


300 94 . 168 262 377 => 519 670 848 1047 
320 88 157 245 953 481 628 795 982 
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APPENDIX C 
Objective Questions 


AP — A... `..." -.... `... ALM 


Q-1. Define the characteristic strength of materials. 


The characteristic strength of materials is defined as the 
strength of material below which not more than 5 per cent of 
the test results are expected to fall. 


Q-2. What do you mean by M20 mix ? 


M20 is the designation of concrete mix. Letter M refers 
to the mix and number 20 refers to the characteristic strength 
of 15 cm cube after 28 days equal to 20 N/mm’. 


Q-3. What is. the increase in strength of concrete 
after six months ? 


15 per cent. 


Q-4. Why is the concrete cover to reinforcement 
required ? j 

The concrete cover to reinforcement is required (a) to 
protect the reinforcement from weather and fire, and (b) to 
ensure the grip of concrete over reinforcement so that they 
act as one and resist the loads. 


Q-5. Why is the maximum and minimum limits on 
the spacing of bars specified ? 


Maximum spacing of bars is specified to limit the width 
of crack in concrete while minimum spacing of bars is specified 
to allow the concrete to enter when poured or a vibrator can 


be immersed. 
Q-6. How is the modular ratio defined ? 


'The modular ratio m is defined as 


modulus of elasticiry of steel E, 


— DED nn AT — cmm 
m = modulus of elasticity of concrete Ee 
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According to IS : 456, the modular ratio m has the value 


3 where Gebe is the permissible compressive stress due to 
Ocbc 


bending in N/mm*?. 
Q-7. What is a balanced design ? 


In balanced design the section is so proportioned that the 
steel and concrete both reach their maximum permissible value 
of stresses at the same time. Thus at some value of loads, 
both the materials will fail at the same time. 


Q-8. Define (a) effective depth (b) depth of neutral 
axis and (c) lever arm. 


The effective depth is defined as the distance from extreme 
compression fibre to the centre of tensile reinforcement. 


The depth of neutral axis is defined as the distance of' 


neutral axis from extreme compressive fibre. 

The lever arm is defined as the distance between centroid 
of compressive force to the centroid of tensile force. 
Q-9. What is a transformed section ? 


A transformed section is a section in which the steel area 
is replaced by the equivalent concrete area. 


Q-10. Why is the over-reinforced design not preferred? 


For the over-reinforced section, concrete fails first. Prior 
to failure concrete does not give notice as it does not yield. 
Thus over-reinforced structure may collapse without giving a 


notice when over-loaded. Therefore, over-reinforced design 
is not preferred. 


Q-11. How does a concrete beam resist shear? 


The shear in concrete beam is resisted by: : 


(1) Above neutral axis the shear resistance is provided 
by the uniform shear stress in uncracked concrete. 


. (2) Along the crack, the shear resistance is provided 
by the vertical component of force due to the inter-locking 
of aggregates, 


CCO. Vasishtha Tripathi Collection. Digitized By Siddhanta eGangotri Gyaan Kosha 


4 


VR 

9 aŠ 
Y 
. 


414 Reinforced Concrete ko š à sod [ Appx. G. 7 


v Ques.18] .. 7. ^ Appendix C 415 


(3) At the tensile reinforcements, shear is resisted by 
dowel action of the longitudinal bars. 


Q-12. How does an increase in tension steel improve 
shear capacity of a concrete beam? 

(1) When amount of tension steel increases, the depth 
of neutral axis increases and thus the depth of uncracked 
concrete increases. This increases the capacity of concrete 
in shear. 

(2) When amount of tension steel increases, the cracks 
formed are smaller which improves the aggregate interlock. 
Also because of larger steel area, the dowel action is improved. 
This improves the capacity of section in shear. 


Q-13. How is nominal shear stress defined? 
The nominal shear stress Ty in beams of uniform depth 
shall be obtained from the equation 
y 
LL 


where | 
V — shear force due to design loads 


b — width of member in case of rectangular beam and 
width of rib in case of flanged beam 


d = effective depth. 


Q-14. Why is the upper limit to shear strength (even 
with shear reinforcement) of concrete specified? 


The upper limit (tables 3-2 and 9-7) is specified to , 
prevent the failure of beam by diagonal compression. 


-Q-15. Why is the maximum spacing of vertical 
stirrups limited to 0-75d? 


The horizontal distance between two successive cracks 
is approximately equal to effective depth d. The spacing of 
stirrup shall be such that it crosses the crack and also no 
crack shall remain unreinforced. To ensure this, the spacing 
of vertical stirrups is limited to 0754. 
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Q-16. Are the bent bars alone satisfactory as shear 
reinforcement ? 


No. They should design to carry a maximum of 50% 
design shear. 


Q-17. For the same percentage of steel, the shear 
resistance in slabs is more than the beam. Why? 


The increased shear strength in slab is based on test results 
which show that thin plates would fail at loads corresponding 
to a higher nominal shear stress. 


Q-18. What is a development length ? 


A length of reinforcement embedded in concrete so that it 
can develop the stress by bond is termed as development 
length and is denoted by Ly. 


Q-19. How is the development length calculated for 
single bar and bundled bars? . | 


The development length for single bar is obtained from 
the formula 


ma = Qo; 
4 ba 
where 
~ $ = nominal diameter of the bar 
c, = siressin bar at the section considered at design 


load 
Tbd = design bond stress. 


‘For bundled bars, the development length of each bar of 
bundled bars shall be that for the individual bar, increased 
by 10% for two bars in contact, 20% for three bars in contact 
and 33%, for four bars in contact. 


Q-20. What are the limits of deflection of a structure 
or a structural member? 


The deflection of a structure or a structural member due 
to dead loads only should not exceed span/350 or 20 mm 
whichever is less. For DL + LL and other total.effects such 


as .temperature, shrinkage, creep etc. it shall not exceed 
span/250. . 
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Q-21. Larger the tension reinforcement area, lesser 
is the modification factor while calculating permissible 
span/depth ratio. Why? 


This is because (1) when the area of steel reinforcement 
increases, the neutral axis shifts towards the tension steel. 
Thus the area of concrete in compression zone increases which 
leads to a larger deflection duc to creep, and (2) the smaller 


arca of concrete in tension zone reduces the stiffness of the 
beam. 


Q-22. What is the function of distribution bars in 
slabs? 


The function of distribution reinforcement in slabs is: 

(1) To distribute uniformly the concentrated loads on 
the slab. 

(2) To resist stresses due to shrinkage and temperature. 


Q-23. What is a camber? 


Camber is a term applied to the slight upward curve of a 
beam made in construction such that on loading (usually 
dead load) it will straighten out and attain its correct shape. 


Q-24. What is a kicker? 


To provide an exact alignment to the upper column, 
starter or kicker is casted above the footing or above the slab. 
Thickness of kicker is usually 8 to 10 cm and casted in a 
rich mix than lower column or footing. The bars should 
be lapped above the kicker. 


Q-25. What is called a Limit state? 


The acceptable limit for the safety and serviceability 
requirement of a structure or structural element before failure 
occurs is called a ‘Limit state’. 


Q-26. What is a characteristic load? 


The value of load which has a 95 per cent probability of 
not being exceeded during the life of the structure is known 
as characteristic load and is denoted by F. 


Ed 
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Q-27. What are the partial safety factors? 

'The partial safety factors when applied to loads and 
materials give the design values. The partial safety factors 
take into account the possible overloads, the limit state 
considered and inaccurate accessment of the effects of loading. 


- 


Q-28. Select the answers. 


(l) Shear design in IS :456-1978 refers to 
— elastic analysis 
— plastic analysis 
— limit state analysis 


(2) Side face reinforcement in the beam designed 
for flexure shall be provided when the depth of 
web in a beam exceeds 
— 450 mm 
— 750 mm 
—- 1050 mm 


(3) Unit weight of reinforced concrete is 
— 23 kN/mš 
—- 24 kN/m’? 
— 25 kN/m? 


(4) Maximum spacing of vertical stirrups permitted is 


(5) Basic span to effective depth ratio of a simply 
supported beam is | 
— 20 
— 26 
(6) To find out modification “factor for span-depth 
ratio with respect to percentage of tension reinforce- 
ment for a tee beam, the width is taken as 
. — effective flange width 
— effective rib width 
— average of above two 
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(7) 


(8) 


(9) 


(10) 


Answers: 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 
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In a slab of 100 mm thickness, the maximum size 
of reinforcing bar is 

— 10 mm 

— 12 mm 

— 16 mm 

The minimum tor steel reinforcement in slab is 
— 0:12% 

— 0:15% 

— 0-20% 

In elastic design, percentage of redistribution of 
moment in a continuous beam is limited to 

— 10%, 

— 15% 

— 30% 

The limiting value of the depth of neutral axis in a 
beam when tor stcel reinforcement of grade Fe 415 
is used, is 

— 0-53 d 

— 0-48 d 

— 0-46 d 


Limit statc analysis 
750 mm 

25 kN[m* | 

0-75 d 

20 

effective flange width 
12 mm š 
0-12% 

15% 

0:48 d. 
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continuous beams 177 
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curtailment of 158 
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Beams 
assumptions 20, 338 


INDEX 


Beams 
cantilever 173 
continuous 177 
cover 16, 17 
design aids 42, 53, 86, 366 
doubly reinforced 43, 358 
effective span 147, 178 
flanged 55, 186, 367 
moment coefficients 182, 183 
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simply supported 147 
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Bearing 
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Bending 
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Camber 173 <= ph eee 
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loads 336, 337 
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eccentrically loaded 279 
helical reinforcement 270 
long 274, 275 
reinforcement requirements 
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short 270, 399 
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Columns 


splices 292 

ties 268, 269 

transformed section 280 

uncracked section 280 

uniaxial bending 288 
Combined footing 296 


Compression reinforcement 44, 154, 
359 


Concentrated loads on slabs 229 


Continuous beams 177 

analysis 178 

arrangement of live load 180 

moment and shear coefficients 
182, 183 

negative moment reinforcement 
185 

redistribution of moment 184, 185 

structural frames 180 

substitute frames 181 


Continuous slabs 215 


Concrete 2 
age factor 3 
characteristic strength 3 . 
creep 7, 44 
curing of 2 
mixes 3 
modular ratio of 13 
modulus of elasticity of 6, 7 
properties of 4 
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tensile strength 5 
unit weight 4 
Corner reinforcement 240, 241 
Cover 
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column 270 
foundation 306 
slab 209 
Cracking 122, 336 
beam 123, 148 
column 267 
foundation 306 
slab 124, 209 
Creep 7, 44 


Creep coefficient 7 ... 
Critical sections 
‘foundations 304 
moment 148 
one-way shear 304, 305 
shear 148 
two-way shear 304, 305 
Cube strength 9 
Dead loads 10 
Deflection 
beams 117 
calculations 121 
limit state requirements 117 
modification factor 118, 119, 120 
reduction factor 119, 120 
slabs 209 
span/effective depth ratio 117 
Design 
aids for beams 42, 53, 366 
aids for shear reinforcement 86 
constants 25 
strength 338 
values 336 
Development length 101 
in beams 150 
in compression 105 
in foundation 305 
in shear 107 
in slabs 209 
in tension 104 
Diagonal compression 76 
Diagonal tension 76 
Diameter 
maximum in slabs 208 
minimum in columns 267 
nominal 102, 103 
of helical reinforcement 270 
of ties in column 270 
Distribution stecl 124, 206 
Doubly reinforced beams 43 
Dowels 302 
Earthquake loads 12 
Eccentrically loaded 
columns 279 
footings 326 
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Edge strip.240._ . 
Effective 
cover 46 
flange width 56, 57 
length of column 265 
perimeter 103, 104 
span 147, 178, 253 
Elastic theory 12 
Factor of safety 12 
against overturning 173 
Fixed: end moments 197 
Flanged beams 55, 186, 367 
Floor finish 211 
Formwork 18, 404, 405 
Foundations 296 


axially loaded pad 303 
axially loaded sloped 312 
eccentrically loaded 326 
types of 296, 297, 298, 299 


Frames 180 


substitute 181 
structural 180 


Free shears 196 
' General cases of torsion 134 
Grades of concrete 3 
Helical reinforcement 267, 270 
Homogeneous beam 74 
Hooks 105 
Horizontal loads 9 
Impact loads 11 
Inclined stirrups 83 
Indian standards 15 
Inverted beam 55 
Isolated footings 296, 303 
Kicker 293, 294 
L beam 55, 56 
Lever arm 21 
Limiting 
moment of resistance factor 346, 
349 


reinforcement 349 
reinforcement index 347 
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Limit state 335 
collapse 335, 338 
serviceability 336 
Lintel 169 
Loads 
arrangements 180 
characteristic 336, 337 
dead 10 
earthquake 12 
impact 11 
live 11 
longitudinal 12 
on floors 407, 408, 409 
on roofs 410, 411 
on stairs 252 
types of 9, 10, 11, 12 
wind 11 


Middle strip 240, 241 
Mild steel 9 
Mix 3 


Modification factors 
compression reinforcement 120 
tension reinforcement 120 


Modular ratio 12 


Modulus of elasticity of concrete 5 


long term 7 
short term 6 


Modulus of elasticity of steel 8 
Moment distribution 197 
Neutral axis 21 
Nominal 

diameter 102, 103 

shear 79 
One-way shear 304 
One-way slab 205, 206 


Over-reinforced beam 20, 21, 30, 31 
32 


Overturning 173 
Pair of bars 103 
Partial safety factors 337 


- Pile foundation 298 


Plain conerete pedestal 300 
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Portland cement 
ordinary 4. ‘ 
pozzolana 4 
Pressure 
net upward in footing 308 
bearing 301 
Raft foundation 297 
Redistribution of moment 184 


Reduction factor for flanged beams 120 


Reinforcement 8 
characteristic strength 336 
curtailment of 158 
design strength 338 
maximum areas 154, 268 
minimum areas 86, 128, 
207, 267, 307 
modulus of elasticity of 8 
. permissible stresses 12, 13, 14 
requirements 153, 207, 266, 
267, 268, 306 
shear 81, 385 
spacers or supports, 17, 18 
stress-strain curve 342 ^ 
torsion 128, 129, 393, 394, 395 
Restrained two-way slabs 238 
Secondary reinforcement 124 
Serviceability limit. state 
cracking 122, 336 
deflection 117, 336 
Shear 74 
bent-up bars 83, 84, 85, 385 
diagonal compression 77 
diagonal tension 77 
elastic theory 75 
homogeneous beams 74 
limit state theory 78 
one-way 304 
permissible stresses 79, 80 
practical considerations 84 
reinforcement 81 
slab 384 
strength 384, 385 
two-way 304 
Shrinkage 6 
Simply supported beams 147 
Singly reinforced beams 20, 347 


153, 


; WD 


Index 


Slabs 
cantilever 222 ` 
concentrated loads:on. 229 
continuous 215 Tof 
one-way 206, 215: 
restrained two-way 238 - 
simply supported 209, 232 
stair 250 
two-way 231 


Spacing of bars 18 
maximum 123 
minimum 18 


Span/effective depth ratio 117 
basic 118 
allowable 119 


Stair slabs 250 
classification 251 
design requirements 252 
structural details 260, 261, 262 
Starter 294 
Strap footing 297, 
Stress-strain curves 
concrete 6, 339 
reinforcement 342 
Structural design 1 
Structural elements 9 


` Tee beam 55, 367 


Torsion 124, 392 


Tor steel 9 x 
Transformed area or section 27, 47, 


280, 281 
'Transverse reinforcement 268 
Two-way shear 304 
Two-way slabs 231 
moment coefficients 233, 242, 
243 
restrained 238 
shear stresses 234 
simply supported 232 
Uncracked section 280 
Under-reinforced beam 20, 21, 30 
Unit mass of steel 406 
Unit weight of concrete 4 
Wind loads 11 
Working stress method 12 
Yield stress 336 
Yield strength 9 
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